SPECIFICATION 
SYSTEMS AND METHODS FOR UPGRADEABLE SCALABLE SWITCHING 
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and its Applications," filed on February 25, 2003, which is incorporated herein by reference in 
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Application Serial No. 09/897,263, entitled "Row Upgrade for a Scalable Switching Network," 
filed on July 2, 2001, which is incorporated herein by reference in its entirety as if set forth in full. 
This application is also a continuation-in-part of U.S. Patent Application Serial No. 10/074,174 
entitled, "Width Upgrade for a Scalable Switching Network," filed on February 10, 2002, which 
is incorporated herein by reference in its entirety as if set forth in full. This apphcation is also a 
continuation-in-part of U.S. Patent Application Serial No. 10/075,086 entitled, "Fanout Upgrade 
for a Scalable Switching Network," filed on February 10, 2002, which is incorporated herein by 
reference in its entirety as if set forth in fuU. 

BACKGROUND OF THE INVENTION 

1. Field of the Inventions 

[0002] The field of invention relate generally to communications switching networks and more 
particularly to systems and methods for designing, utitlizing and upgrading scalable switching 
networks. 

2. Background Information 

[0003] Switching networks with regular structinre have been explored for many years. Con- 
spicuous among them are the so-called fixed radix networks, which typically comprise n stages 
of r" switching elements with each switching element having a fanin and fanout of r, where r is 
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the radix. The majority of past research has been focused on radix two networks that is where 
r = 2. Goke and Lipovski in "Banyan Network for Partitioning Multiprocessor Systems," proposed 
the Banyan network illustrated in Fig. IB and extended to other radixes such as a radix three 
network illustrated in Fig. IC. This network actually finds its origin in the design of fast Fourier 
Transforms where it is also often termed a butterfly network. Patel in "Performance of Processor- 
Memory Interconnections for Multiprocessors" proposed the delta network shown in Fig. ID. The 
network shown in Fig. IE is often called a crossover network. Lawrie in "Parallel Processing with 
a Perfect Shuffle," uses the network shown in Fig. IF, known as a perfect shuffle, which is often 
termed in the art as an Omega network. A nameless radix two network can be found in the bit 
order preserving fast Fourier transform architecture described in Oppenheim and Schaefer's text, 
Digital Signal Processing. This network is shown in Fig. IG and is referred to as a BOP network 
for the purpose of this disclosure. 

[0004] These traditional radix networks offer functional connectivity, but lack redundancy and 
fault tolerance. Many methods and architectmres have been developed to extend fixed radix net- 
works to add redundancy and fault tolerance. Hamid, Shiratori and Noguchi in "A new fast control 
mechanism for Benes rearrangeable interconnection network useful for supersystems," extend the 
delta network with a second delta network into an architecture first suggested by Benes in "Per- 
mutation Groups, Complexes, and Rearrangeable Connecting Networks," as shown in Fig. 2A. 
This can be reconfigured to show two Banyan networks coupled together as shown in Fig. 2B. 
[0005] Further, Adams and Siegel in "The Extra Stage Cube: A Fault-Tolerant Interconnec- 
tion Network for Supersystems," teach the extra stage cube which resembles a Banyan network in 
Fig. 2C with an extra stage. Through the use of multiplexers 16 and demultiplexers 14, stage 10 
and stage 12 can individually be enabled or bypassed giving fault tolerance to the entire network. 
[0006] Kumar and Reddy in "Augmented shuffle-exchange multistage interconnection net- 
works" , add fault tolerance and path redundancy to a Banyan network offering additional lateral 
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paths for signals to travel which is depicted in Fig, 2D, This augmented shuflBe-exchange network 
(ASEN) increases fault tolerance and path redundancy at the expense of increased path blocking. 

[0007] Another technique for augmenting fixed radix network designs is by overlaying a second 
network onto a preexisting design. By this method, the fault tolerance of a network can be 
increased. The simplest technique is dilation, which is simply the overlaying of the same network 
on itself. Fig. 3A shows a Banyan network like that depicted in Fig. IB overlaid on top of a 
second identical Banyan network. In the traditional design, the external ports are not augmented 
in the process. However, some designs do incorporate it as shown in Fig. 3B. In either case, the 
resultant network does increase the ability to tolerate a failure in an internal connection, but fails 
to compensate for any potential failure in a switching element. 

[0008] This dilation technique is further refined by overlaying an upside-down version of the 
same network on top of itself. Fig. 4A depicts a Banyan network like that of Fig. IB except 
upside-down. Often in this technique, the connections depicted by the dotted lines are often 
considered overly redundant and are omitted. The result is the network shown in Fig. 4B. Once 
again the external ports gtre usually not augmented, but can be. This new network does compensate 
for failiures in switching elements. 

[0009] A final extension of multistage interconnection design is the seldom used multidimen- 
sional version of the multistage interconnection network. Though not well known in switching 
appHcations, multidimensional interconnections are frequently used in signal processing, Specifi- 
cally, in the design of fast Fourier transforms (FFT) multistage interconnection networks are used. 
Since fixed radbc networks, in particular the butterfly /Banyan, are the essential building blocks of 
the FFT. Multidimensional extensions of the butterfly are the essential building blocks of multidi- 
mensionsd FFT. This is discussed in great detail in any standard multidimensional signal processing 
text such as Dudgeon and Mersereau's Multidimensional Signal Processing. 
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SUMMARY OF INVENTION 

Summary of Invention 

[0010] In this disclosure, a switching network and systems comprising such a network are set 
forth. Basic building blocks can be constructed through modification of known networks such as the 
Banyan, Crossover, Delta and other networks. Additionally, these modified networks can inherit 
beneficiaJ network properties in their topology by utilizing additional switching stages and for 
utilizing the interstage interconnection (ISIC) networks described as a single stage interconnection 
network in Huang in U.S. Patent No. 5,841,775. In particular, many of these networks have the 
desirable scalability, fault-tolerance and upgradeability properties. 

[0011] The redundant blocking compensated cyclic group (RBCCG) networks and hybrids 
form the basic building blocks of more elaborate switching networks. One such class of networks 
are those formed from the Cartesian product of two switching networks. The Cartesian product 
of two switching networks can reduce the distance of the average connection between stages as 
compared to a similarly equipped "flat" switching network. 

[0012] Another class of networks that can be formed from the basic building block networks 
is the overlaid network where two or more network topologies are overlaid to form an elaborate 
multidirection network. In such an overlaid network the average latency between two external 
ports can be reduced. 

[0013] When properly designed, these networks oflFer an extra measure of fault tolerance. 
With the addition of multiplexer/demultiplexer combinations, the fault tolerance of the network 
can be extended completely to all switching elements within the switching networks. 

[0014] Furthermore, routing of the RBCCG network in particular can be implemented using 
routing protocols and table look ups, but for some applications such as in very high performance 
small footprint applications, a formulaic routing method is required. Each element in an RBCCG 
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network can route a packet based on the packet destination and the location of the switching 
element. 

[0015] The switching networks with sufficient fault tolerance described in this disclosure and in 
Huang can be upgraded and/or reconfigured in a manner as to maintain full connectivity through- 
out the upgrade or reconfiguration process. Many examples are given including a basic stage 
upgrade, width upgrade, a fanout upgrade, and a simultaneous stage and width downgrade. In 
addition to these examples, five examples are given great in detail, including simultaneous stage 
and width upgrade, multiple row upgrade, simultaneous width and fanout upgrade, simultaneous 
fanout upgrade and width downgrade, and simultaneous width upgrade and architecture reconfig- 
uration. Furthermore, the upgrading of the hybrid, Cartesian product and overlaid networks are 
described. 

[0016] The methods of implementing a scalable switching network with upgrade capabilities 
is given with embodiments where software is used to assist a technician in upgrading a scalable 
switching network. In another embodiment, software coupled to indicator Ughts guide a technician 
in upgrading a scalable switching network. In another embodiment, a robotic instrument per- 
forms an upgrade using a patch panel. In another embodiment, switching elements are equipped 
with latched switches which enable a network to be laid out prior to an upgrade. In another 
embodiment,prefabricated interconnection can be inserted into a special interconnection box. 

[0017] Uses of the scalable switching network are given. One use is to replace the infi-as- 
tructure of a metropolitan point of presence. A smaller application is as the commimications 
backbone of computational servers, network storage, or other services. Another use is to replace 
the peripheral bus of a computer. Another use is to replace the system bus on a computer. 

[0018] Although the present invention has been described below in terms of specific embod- 
iments, it is anticipated that alteration and modifications thereof will no doubt become apparent 
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to those skilled in the art. It is therefore intended that the following be interpreted as covering all 
such alterations and modifications as falling within the true spirit and scope of the invention. 

DESCRIPTION OF DRAWINGS 
[0019] Fig. lA shows a 16-port binary Banyan multistage switching network with three rows. 
[0020] Fig. IB shows a 32-port Banyan multistage switching network with three four rows. 
[0021] Fig. IC shows a 54-port trinaxy Banyan multistage switching network with three rows. 
[0022] Fig. ID shows a 32-port delta multistage switching network with three four rows. 
[0023] Fig. IE shows a 32-port crossover multistage switching network with three four rows. 
[0024] Fig. IF shows a 32-port omega multistage switching network with three four rows. 
[0025] Fig. IG shows a 32-port BOP multistage switching network with three four rows. 
[0026] Fig. 2A shows a 16-port Benes network 

[0027] Fig. 2B shows a reconfigured 16-port Benes network that comprises two Banyan net- 
works. 

[0028] Fig. 2C shows an 16-port extra stage cube network. 

[0029] Fig. 2D shows a 32-port augmented shuffle-exchange network. 

[0030] Fig. 3A shows a dilated Banyan network. 

[0031] Fig. SB shows a dilated Banyan network with 32 external ports added. 

[0032] Fig. 4A shows an inverted 32-port Banyan network. 

[0033] Fig. 4B shows a Banyan network overlaid on an inverted Banyan network. 

[0034] Fig. 5 A and Fig. 5B show how arbitrary ports on a switching element can be logically 

labeled as top and bottom ports. 

[0035] Fig. 5C shows further how arbitary ports on a switching element can be logically 
labeled as top, bottom, left an right ports. 

[0036] Fig. 5D and Fig. 5E show how one-dimensional ports on a switching element can be 
logically labeled as two-dimensional ports. 
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[0037] Fig. 6A defines basic terminology used relating to switching networks 

[0038] Fig. 6B defines the concept of functionally connected 

[0039] Fig. 6C defines various parts of a multistage switching network. 

[0040] Fig. 7A shows a three dimensional layout of switching elements with height of H and 

widths of Wi and Wjj- 

[0041] Fig. 7B shows the coordinate axis labeling for the given two-dimensional multistage 
interconnection network. 

[0042] Fig. 7C shows the definition of the fanout variable F. 

[0043] Fig. 7D shows the definition of the fanout variables Fi and F2 for the given two- 
dimensional multistage interconnection network. 

[0044] Fig. 8A, Fig. 8B and Fig. 8C defines various parts of an overlaid switching network. 
[0045] Fig. 9 shows the relationship between the nmnbering of the ports for each switching 
element and the number of ports for an entire row. 

[0046] Fig. 10 shows a 30-port RBCCG network with 4 layers and width of 5 switching 
elements and per switching element fanout of 3. 

[0047] Fig. 11 A shows a typical switching network with an extra stage inserted below a 
traditional multistage switching network. 

[0048] Fig. IIB shows a typical switching network with an extra stage inserted inside a 
traditional multistage switching network. 

[0049] Fig. 12 shows a 32-port Banyan network with an extra stage comprising an extra 
Banyan stage at the bottom of the network. 

[0050] Fig. ISA shows a 32-port Banyan network augmented with an extra CGISIC network 
stage at the bottom of the network. 

[0051] Fig. 13B shows a 32-port crossover network augmented with an extra CGISIC network 
stage at the bottom of the network. 
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[0052] Fig. 13C shows a 32-port delta network augmented with an extra CGISIC network 
stage at the bottom of the network. 

[0053] Fig. 13D shows a 32-port Banyan network augmented with an extra inverted CGISIC 
network stage at the bottom of the network. 

[0054] Fig. 13E shows a 32-port Banyan network augmented with an extra CGISIC network 
stage at the top of the network. 

[0055] Fig. 13F shows a 32-port Banyan network augmented with an extra asymmetric 
CGISIC network stage at the bottom of the network. 

[0056] Fig. 13G shows a 32-port fast Fourier transform derived network augmented with an 
extra asynmietric CGISIC network stage at the bottom of the network. 

[0057] Fig. 13H shows a 54-port trinary Banyan network augmented with an extra trinary 
CGISIC network stage at the bottom of the network. 

[0058] Fig. 14A and Fig. 14B shows an augmentation to the traditional Banyan network 
by addition of a single column. 

[0059] Fig. 14C shows the same augmented Banyan further augmented with an extra inverted 
CGISIC network stage at the bottom of the network. 

[0060] Fig. 14D shows an altered Banyan network where a non-traditional, "stride" value is 
used. 

[0061] Fig. 14E shows the altered Banyan network further augmented with an extra inverted 

CGISIC network stage at the bottom of the network. 

[0062] Fig. 15A shows a 32-port delta network. 

[0063] Fig. 15B shows a delta network modified to 28-ports. 

[0064] Fig. 15C shows a delta network modified to 36-ports comprising an extra CGISIC 
network stage. 
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[0065] Fig. 16A and Fig. 16B show a 24-port RBBCG network and a 12-port RBCCG 
network, respectively with per switching element fan-outs of 3 and 2 respectively. 
[0066] Fig. 17A and Fig. 17B show the interconnection mappings between each stage of the 
two RBCCG network, respectively. 

[0067] Fig. 17C shows the composite interconnection mappings between any two stages of 
the Cartesian product RBBCG network. 

[0068] Fig. 18A shows one interconnection network from the Cartesian product RBCCG 
network with the Xi interconnection separated from the X2 interconnections in two stages. 
[0069] Fig. 18B shows the same interconnection network from the Cartesian product RBCCG 
network with only the near connections visible. 

[0070] Fig. 18C and Fig. 18D shows the cross sectional view of the same interconnection 
network from the Cartesian product RBCCG network, with, respect to the xi—y plane and the 
— y plane respectively. 

[0071] Fig. 18E shows one interconnection network from the Cartesian product RBCCG 
network, without separating the orthogonal mappings. 

[0072] Fig. 18F and Fig. 18G shows the cross sectional view of the same interconnection 
network from the Cartesian product RBCCG network, with respect to the xi —y plane and the 
X2 — y plane respectively. 

[0073] Fig. 19 shows the complete 144-port two-dimensional Cartesian product RBCCG 
network. 

[0074] Fig. 20A shows a "flattened view of the same complete 144-port two-dimensional 
Cartesian product RBCCG network, where all the ports and switching elements are drawn in raster 
scan order. 

[0075] Fig. 20B shows a representative siwtching element which has been "flattened" 
[0076] Fig. 21A shows a 24 port RBCCG network. 
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[0077] Fig. 21B shows a 16-port Banyan network. 

[0078] Fig. 22 A shows the interconnection mapping between each stage of the RBCCG 
network 

[0079] Fig. 22B shows the interconnection mapping between the top and middle stages of 
the Banyan network. 

[0080] Fig. 22C shows the interconnection mapping between the middle and bottom stages 
of the Banyan network. 

[0081] Fig. 22D shows the interconnection mapping between the top and middle stages of 
the RBCCG/Banyan Cartesian product network. 

[0082] Fig. 22E shows the interconnection mapping between the middle and bottom stages 
of the RBCCG/Banyan Cartesian product network. 

[0083] Fig. 23 shows how two switching elements that overlay in the overlay process are 
combined into one switching element. 

[0084] Fig. 24 A, Fig. 24B and Fig. 24C show the process of a perpendicular overlay of a 
32-port Banyan network and a 16-port, 8-stage RBCCG network. 

[0085] Fig. 24D and Fig. 24E show the process of a perpendicular overlay of a 32-port 
Banyan network and a 16-port, 8-stage multiple Banyan network. 

[0086] Fig. 25A and Fig. 25B show the process of a perpendicular overlay of a 32-port 
Banyan network and a 24-port, 8-stage RBCCG network. 

[0087] Fig. 26 A, Fig. 26B and Fig. 26C show the process of a perpendicular overlay of a 
20-port 4-stage RBCCG network and a 24-port, 5-stage RBCCG network. 

[0088] Fig. 27A, Fig. 27B and Fig. 27C show the process of a perpendicular overlay of a 
36-port 4-stage RBCCG network and a 24-port, 6-stage RBCCG network. 

[0089] Fig. 28 A, Fig. 28B and Fig. 28C show the process of a perpendicular overlay of a 
36-port 4-stage RBCCG network and a 32-port, 6-stage RBCCG network. 
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[0090] Fig. 29A, Fig. 29B, Fig. 29C, and Fig. 29D show the process of a perpendicular 
overlay of a 24-port 5-stage RBCCG network and an 18-port, 6-stage RBCCG network, with two 
types of registration 

[0091] Fig. 30 A and Fig. SOB shows paths between two external ports with latencies of 3 
hops and two hops respectively. 

[0092] Fig. 31A, Fig. 31B, and Fig. 31C show three orientations of two-dimensional mul- 
tistage interconnection networks for the purposes of overlaying networks. 

[0093] Fig. 32 A, Fig. 32B, and Fig. 32C show how to combine one-dimensional multistage 
interconnections networks into a two-dimensional multistage interconnection network. 
[0094] Fig. 33A, Fig. 33B and Fig. 33C show how to combine one-dimensional switching 
elements into two-dimensional switching elements. 

[0095] Fig. 34 shows an example path of a route from port S to port D 

[0096] Fig. 35A and Fig. 35B shows how path redundancy in a scalable switching network 
leads to fault tolerance. 

[0097] Fig. 36 shows a multiplexer demultiplexer scheme addressing faults in the switching 
elements at the edge of a switching network. 

[0098] Fig. 37 shows a special switching element designed for use at the edge of a switching 
network. 

[0099] Fig. 38A and Fig. 38B shows the special switching element is used for fault tolerance 
in a scalable switching network. 

[0100] Fig. 39 shows a 32 port binary Butterfly multistage switching network with four 
stages. 

[0101] Fig. 40 shows flowchart for the reconfiguration process between a pre-reconfiguration 
architecture and a post-reconfiguration architecture. 
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[0102] Fig. 41 shows a 3Q-port RBCCG switching network with 6 external ports attached to 
switching elements that are to removed as part of a downgrade process. 

[0103] Fig. 42A, Fig. 42B, and Fig. 42C demonstrate the pre-configuration step while 
upgrading a 24-port RBCCG switching network to a 30-port RBBCG switching network 
[0104] Fig. 43 shows flowchart for the pre-configuration step used in the reconfiguration 
process. 

[0105] Fig. 44 shows flowchaxt for the splicing step used in the reconfiguration process. 
[0106], Fig. 45A, Fig. 45B, Fig. 45C, Fig. 45D shows the splicing step, where new stages 
of switching elements are inserted into an existing architecture. 

[0107] Fig. 46 shows flowchart for the relabeUng phase used in the rewiring step. 

[0108] Fig. 47A, Fig. 47B shows conceptually how ports might be relabeled to form the 

effect of exchanging two ports on the same switching element. 

[0109] Fig. 47C, Fig. 47D shows the logical effect of conceptually how ports might be 
relabeled to form the effect of exchanging two ports on the same switching element. 
[0110] Fig. 48A and Fig. 48B show the flowcharts for the rewiring step used in the recon- 
figuration process. 

[0111] Fig. 49 A and Fig. 49B show the flowcharts for two embodiments of the stage selection 
subroutines used in the rewiring step. 

[0112] Fig. 50 A, Fig. 50B and Fig. 50C show the flowcharts for three embodiments of the 
port selection subroutines used in the rewiring step. 

[0113] Fig. 51 A depicts a 30-port 5-stage RBCCG switching network about the be down- 
graded. 

[0114] Fig. 51B depicts the intermediate architecture in the downgrade process. 
[0115] Fig. 51C depicts the result of the downgrade process. 
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[0116] Fig. 52A, Fig. 52B, Fig. 52C shows a 24 port redundant blocking compensated cyclic 
group (RBCCG) multistage switching network with four stages upgraded to a 24-port RBCCG 

multistage switching network with five stages. 

[0117] Fig. 53 A, Fig. 53B shows a 24 port RBCCG multistage switching network with four 
switching elements per stage upgraded to a 30-port RBCCG multistage switching network with 
five switching elements per stage. 

[0118] Fig. 54A, Fig. 54B shows a 30>port RBCCG multistage switching network with six 
ports per switching element upgraded to a 40-port RBCCG multistage switching network with 
eight ports per switching element. 

[0119] Fig. 55 shows a 24-port RBCCG multistage switching network with 4 stages. This 
architecture is to be upgraded to a 30-port RBCCG multistage switching network with 5 stages by 
the addition of an extra stage of switching elements and an extra column of switching elements. 

[0120] Fig. 56 shows the 30-port post-reconfiguration RBCCG multistage switching network 
which the network shown in Fig. 55 is to be upgraded to. 

[0121] Fig. 57 shows the result of the non-disruptive addition of connections: bottom port 2 
of switching element R(0,4) to top port 2 of switching element R(l,4), bottom port 2 of switching 
element R(l,4) to top port 2 of switching element R(Ar,4), bottom port 1 of switching element 
R(l,4) to top port 2 of switching element R(iV,3), bottom port 0 of switching element R(l,4) to 
top port 2 of switching element R(JV,2), bottom port 2 of switching element R(iV,4) to top port 2 
of switching element R(2,4), bottom port 0 of switching element R(iV,3) to top port 1 of switching 
element R(2,4), bottom port 1 of switching element R(iV,l) to top port 0 of switching element 
R(2,4), and bottom port 2 of switching element R(2,4) to top port 2 of switching element R(3,4). 

[0122] Fig. 58A shows the portion of a 24 port RBCCG multistage switching network into 
which switching element R(Ar,0) is to be inserted. 
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[0123] Fig. 58B, Fig. 58C, Fig. 58D and Fig, 58E show switching element R{Nfi) being 
inserted by moving the connection from bottom port 0 of switching element R(1,0) to bottom port 
0 of switching element R(Ar,0); adding a connection between bottom port 0 of switching element 
R(1,0) and top port 0 of switching element R(iV,0); moving the connection from bottom port 1 of 
switching element R(1,0) to bottom port 1 of switching element R(Ar,0) and adding a connection 
between bottom port 1 of switching element R(1,0) and top port 1 of switching element R(iV,0); 
and moving the connection from bottom port 2 of switching element R(1,0) to bottom port 2 of 
switching element R(iV,0) and adding a connection between bottom port 2 of switching element 
R(1,0) and top port 2 of switching element R(iV,0), respectively. 

[0124] Fig. 58F shows switching element R(Ar,l) inserted into a 24 port RBCCG multistage 
switching network. 

[0125] Fig. 58G, Fig. 58H and Fig. 581 show switching element R(iV,l) being inserted 
by moving the connection from bottom port 0 of switching element R(l,l) to bottom port 0 of 
switching element 'R(iV,l) and adding a connection between bottom port 0 of switching element 
R(l,l) and top port 0 of switching element R{N,1); moving the connection from top port 1 of 
switching element R(2,0) to top port 1 of switching element R(iV,l); and moving the connection 
from bottom port 2 of switching element R(l,l) to bottom port 2 of switching element R(Ar,l) 
and adding a connection between bottom port 2 of switching element R(l,l) and top port 2 of 
switching element R(iV,l), respectively. 

[0126] Fig. 58J shows switching element R(iV,2) inserted into a 24 port RBCCG multistage 
switching network. 

[0127] Fig. 58K, Fig. 58L and Fig. 581VI show switching element R(7V,2) being inserted 
by moving the connection from bottom port 0 of switching element R(l,2) to bottom port 0 of 
switching element R(Ar,2) and adding a connection between bottom port 0 of switching element 
R(lj2) and top port 0 of switching element R{N,2)] moving the connection from bottom port 1 of 
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switching element R(l,2) to bottom port 1 of switching element R{N,2) and adding a connection 
between bottom port 1 of switching element R(l,2) and top port 1 of switching element R(i\r,2); 
and moving the connection from bottom port 2 of switching element R(l,2) to bottom port 2 of 
switching element R(iV,2), respectively, 

[0128] Fig. 58N shows switching element R{N,3) inserted into a 24 port RBCCG multistage 
switching network. 

[0129] Fig. 580, Fig. 58P and Fig. 58Q show switching element R(Ar,3) being inserted 
by moving the connection from top port 2 of switching element R(2,l) to top port 0 of switch- 
ing element R(iV,3); moving the connection from bottom port 1 of switching element R(l,3) to 
bottom port 1 of switching element R(iV,3) and adding a connection between bottom port 1 of 
switching element R(l,3) and top port 1 of switching element R(iV,3); and moving the connection 
from bottom port 2 of switching element R(l,3) to bottom port 2 of switching element R(Ar,3), 
respectively. 

[0130] Fig. 58R shows switching element R(iV,3) inserted into a 24 port RBCCG multistage 
switching network. 

[0131] Fig, 59A, Fig. 59B, Fig. 59C, Fig. 59D, Fig. 59E, Fig. 59F, Fig. 59G, Fig. 59H 
and Fig. 591 show the ISIC network between stages R(l,*) and R(iV,*) being rewired into a post- 
reconfiguration CGISIC network by moving the connection from top port 1 of switching element 
R(Ar,l) to top port 0 of switching element R(JV,4); moving the connection from top port 0 of 
switching element R(Ar,3) to top port 1 of switching element R(iV,4); moving the connection from 
bottom port 2 of switching element R(l,l) to bottom port 2 of switching element R(l,3); moving 
the connection from bottom port 1 of switching element R(1,0) to bottom port 2 of switching 
element R(l,l); moving the connection from top port 0 of switching element R(Ar,l) to top port 0 
of switching element R(Ar,3); adding a connection between top port 0 of switching element R(iV,l) 
and bottom port 1 of switching element R(ljO); moving the connection from bottom port 1 of 
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switching element R(l,3) to bottom port 2 of switching element R(l,2); moving the connection 
from bottom port 2 of switching element R(1,0) to bottom port 1 of switching element R(l,3); and 
moving the connection from top port 0 of switching element R{N,2) to top port 1 of switching 
element R(iV,l), respectively. 

[0132] Fig. 59J shows a partially upgraded 30 port RBCCG multistage switching network 
with a completed rewire of the ISIC network between stages R(l,*) and R(iV,*) after adding a 
connection between top port 0 of switching element R{N,2) and bottom port 2 of switching element 
R(1,0). 

[0133] Fig. 60A, Fig. 60B, Fig. 60C, Fig. 60D, Fig. 60E, Fig. 60F and Fig. 60G show 
the ISIC networks between stages R(iV,*) and R(2,*) being rewired into a post-reconfiguration 
CGISIC network by swapping bottom ports 0 and 1 of switching element R(JV,2)j swapping bottom 
ports 0 and 2 of switching element R(iV,2); moving the connection from bottom port 2 of switching 
element R(JV,3) to bottom port 1 of switching element R(iV,4); adding a connection between 
bottom port 2 of switching element R(iV,3) and top port 2 of switching element R(2,l); moving 
the connection from bottom port 1 of switching element R(iV,3) to bottom port 0 of switching 
element R(iV,4); moving the connection from top port 1 of switching element R(2,l) to top port 1 
of switching element R(2,0); and moving the connection from bottom port 0 of switching element 
R{N,2) to bottom port 1 of switching element R(Ar,3), respectively. 

[0134] Fig. 60H shows an upgraded 30 port RBCCG multistage switching network with a 
completed rewire of the ISIC networks between stages R(iV,*) and R(2,*) after adding a connection 
between bottom port 0 of switching element R(iV,2) and top port 1 of switching element R(2,l). 
[0135] Fig. 61A, Fig. 61B, Fig. 610, Fig. 61D, Fig. 61E, Fig! 61F, Fig. 61G, Fig. 61H 
and Fig. 611 show the ISIC network between stages R(2,*) and R(3,*) being rewired into a post- 
reconfiguration CGISIC network by moving the connection from bottom port 2 of switching element 
R(2,3) to bottom port 1 of switching element R(2,4); moving the connection from top port 1 of 
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switching element R(3,0) to top port 0 of switching element R(3,4); moving the connection from 
top port 1 of switching element R(3,l) to top port 1 of switching element R(3,0); moving the 
connection from top port 1 of switching element R(3,2) to top port 1 of switching element R(3,l); 
moving the connection from top port 1 of switching element R(3,3) to top port 1 of switching 
element R(3,2); moving the connection from top port 2 of switching element R(3,0) to top port 1 
of switching element R(3,3); moving the connection from top port 2 of switching element R(3,l) to 
top. port 1 of switching element R(3,4); adding a connection between bottom port 2 of switching 
element R(2,3) and top port 2 of switching element R(3,l); and moving the connection from bottom 
port 1 of switching element R(2,3) to bottom port 0 of switching element R(2,4), respectively. 

[0136] Fig. 61J shows a partially upgraded 30 port RBCCG multistage switching network 
with a completed rewire of the ISIC networks between stages R(2,*) and R(3,*) after adding a 
connection between bottom port 1 of switching element R(2,3) and top port 2 of switching element 
R(3,0). 

[0137] Fig. 62A, Fig. 62B, Fig. 62C, Fig. 62D, Fig. 62E, Fig. 62F, Fig. 62G, Fig. 62H 
and Fig. 621 show the ISIC network between stages R(0,*) and R(l,*) being rewired into a post- 
reconfiguration CGISIC network by swapping bottom ports 1 and 2 of switching element R(0,1); 
swapping bottom ports 0 and 1 of switching element R(0,2); swapping bottom ports 0 and 2 of 
switching element R(0,2); swapping bottom ports 0 and 2 of switching element R(0,3); moving the 
connection from bottom port 0 of switching element R(0,3) to bottom port 1 of switching element 
R(0,4); adding a connection between top port 1 of switching element R(l,4) and bottom port 0 of 
switching element R(0,3); moving the connection from bottom port 1 of switching element R(0,3) 
to bottom port 0 of switching element R(0,4); moving the connection from top port 1 of switching 
element R(l,l) to top port 0 of switching element R(l,4); and moving the connection from bottom 
port 0 of switching element R(0,2) to bottom port 1 of switching element R(0,3), respectively. 
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[0138] Fig. 62J shows a partially upgraded 30 port RBCCG multistage switching network 
with a completed rewire of the ISIC network between stages R(0,*) and R(l,*) after adding a 
connection between bottom port 0 of switching element R(0,2) and top port 1 of switching element 
R(l,l). 

[0139] Fig. 63 shows a 24-port RBCCG multistage switching network . with stages. This 
architecture is to be upgraded to a 24-port RBCCG multistage switching network with 6 stages 
by the addition of two extra stages of switching elements. 

[0140] Fig. 64 shows the 24-port post-reconfiguration RBCCG multistage switching network 
which the network shown in Fig. 63 is to be upgraded to. 

[0141] Fig. 65 shows the result of the non-disruptive addition of connections: bottom port 2 
of switching element R(iV,3) to top port 2 of switching element R(iV',3), bottom port 1 of switching 
element R(iV,3) to top port 2 of switching element R(JV',2), bottom port 0 of switching element 
R(iV,3) to top port 2 of switching element R{N\1), bottom port 2 of switching element R(A^,2) 
to top port 2 of switching element R(iV',0), bottom port 1 of switching element R(iV,2) to top 
port 1 of switching element R(iV',3), bottom port 0 of switching element R(iV,2) to top port 1 of 
switching element R(iV',2), bottom port 2 of switching element R(iV,l) to top port 1 of switching 
element R(iV',l), bottom port 1 of switching element R(iV,l) to top port 1 of switching element 
R{N\0), bottom port 0 of switching element R{Nyl) to top port 0 of switching element R(Ar',3), 
bottom port 2 of switching element R(iV,0) to top port 0 of switching element R(JV',2), bottom 
port 1 of switching element R(iV,0) to top port 0 of switching element R(iNr',l), and bottom port 
0 of switching element R(iV,0). to top port 0 of switching element R{N\0). 
[0142] Fig. 66A, Fig. 66B, Fig. 66C, Fig. 66D, Fig. 66E, Fig. 66F, Fig. 66G, Fig. 66H, 
Fig. 661 J Fig. 66 J, Fig. 66K and Fig. 66L show the new stage of switching elements being 
inserted by moving the connection from bottom port 0 of switching element R(1,0) to bottom 
port 0 of switching element R{N\0) and adding a connection between bottom port 0 of switching 
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element R(1,0) and top port 0 of switching element R(iV,0); moving the connection from bottom 
port 1 of switching element R(1,0) to bottom port 0 of switching element R{N\1) and adding 
a connection between bottom port 1 of switching element R(1,0) and top port 0 of switching 
element R(i\r,l); moving the connection from bottom port 2 of switching element R(1,0) to bottom 
port 0 of switching element R(iV',2) and adding a connection between bottom port 2 of switching 
element R(1,0) and top port 0 of switching element R(iV,2); moving the connection from bottom 
port 0 of switching element R(l,l) to bottom port 0 of switching element R{N\3) and adding 
a connection between bottom port 0 of switching element R(l,l) and top port 0 of switching 
element R(iV,3); moving the connection from bottom port 1 of switching element R(l,l) to bottom 
port 1 of switching element R{N\0) and adding a connection between bottom port 1 of switching 
element R(l,l) and top port 1 of switching element R{Nfl); moving the connection from bottom 
port 2 of switching element R(l,l) to bottom port 1 of switching element R(iV',l) and adding 
a connection between bottom port 2 of switching element R(l,l) and top port 1 of switching 
element R(iV,l); moving the connection from bottom port 0 of switching element R(l,2) to bottom 
port 1 of switching element R(A^',2) and adding a connection between bottom port 0 of switching 
element R(l,2) and top port 1 of switching element R(iV,2); moving the connection from bottom 
port 1 of switching element R(l,2) to bottom port 1 of switching element R{N\3) and adding 
a connection between bottom port 1 of switching element R(l,2) and top port 1 of switching 
element R(iV,3); moving the connection from bottom port 2 of switching element R(l,2) to bottom 
port 2 of switching element R(Ar',0) and adding a connection between bottom port 2 of switching 
element R(l,2) and top port 2 of switching element R(iV,0); moving the connection from bottom 
port 0 of switching element R(l,3) to bottom port 2 of switching element R{N\l) and adding a 
connection between bottom port 0 of switching element R(l,3) and top port 2 of switching element 
R(iV,l); moving the connection from bottom port 1 of switching element R(l,3) to bottom port 2 
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of switching element R{N\2) and adding a connection between bottom port 1 of switching element 
R(l,3) and top port 2 of switching element R(iV,2); and moving the connection from bottom port 2 
of switching element R(l,3) to bottom port 2 of switching element R(A^*,3) and adding a connection 
between bottom port 2 of switching element R(l,3) and top port 2 of switching element R(iV,3), 
respectively. 

[0143] Fig. 66M shows the 24 port RBCCG multistage switching network with the insertion 
of the two new stages completed. 

[0144] Fig. 67A, Fig. 67B, Fig. 67C, Fig. 67D, Fig. 67E, Fig. 67F, Fig. 67G, Fig. 67H 
and Fig. 671 show the ISIC network between stages R(N\*) and R(2,*) being rewired into post- 
reconfiguration CGISIC network by swapping top ports 0 and 1 of switching element R(2,2); 
swapping top ports 2 and 1 of switching element R(2,l); disconnecting bottom port 1 of switching 
element R(iV',3) and moving the connection from bottom port 2 of switching element R(iV',2) to 
bottom port 1 of switching element R(iV',3); moving the connection from bottom port 2 of switching 
element R(iV',0) to bottom port 2 of switching element R(iV',2); moving the connection from top 
port 0 of switching element R(2,2) to top port 1 of switching element R(2,3); adding a connection 
between top port 0 of switching element R(2,2) and bottom port 2 of switching element R(Ar*,0); 
disconnecting bottom port 0 of switching element R(7V*,3) and moving the connection from bottom 
port 1 of switching element R{N\1) to bottom port 0 of switching element R(Ar\3); moving the 
connection from bottom port 1 of switching element R(Ar',0) to bottom port 1 of switching element 
R(iV',l); and moving the connection from top port 0 of switching element R(2,l) to top port 0 of 
switching element R(2,3), respectively. 

[0145] Fig. 67 J shows a partially upgraded 24 port RBCCG multistage switching network 
with a completed rewire of the ISIC network between stages R(A^',*) and R(2,*) after adding a 
connection between top port 0 of switching element R(2,l) and bottom port 1 of switching element 
R{N\0), 
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[0146] Fig. 68 shows a 30-port RBCCG multistage switching network. This architecture is 
to be upgraded to a 48-port RBCCG multistage switching network with the addition of an extra 
switching element per stage and expansion of the fanout. 

[0147] Fig. 69 shows the 48-port post-reconfigiu:ation RBCCG multistage switching network 
which the network shown in Fig. 68 is to be upgraded to. 

[0148] Fig. 70 shows the result of the non-disruptive addition of connections: bottom port 3 
of switching element R(0,5) to top port 3 of switching element R(l,5), bottom port 2 of switching 
element R(0,5) to top port 3 of switching element R(l,4), bottom port 1 of switching element 
R(0,5) to top port 3 of switching element R(l,3), bottom port 0 of switching element R(0,5) to 
top port 3 of switching element R(l,2), bottom port 3 of switching element R(0,4) to top port 3 
of switching element R(l,l), bottom port 3 of switching element R(0,2) to top port 1 of switching 
element R(l,5), bottom port 3 of switching element R(l,5) to top port 3 of switching element 
R(2,5), bottom port 2 of switching element R(l,5) to top port 3 of switching element R(2,4), 
bottom port 1 of switching element R(l,5) to top port 3 of switching element R(2,3), bottom 
port 0 of switching element R(l,5) to top port 3 of switching element R(2,2), bottom port 3 of 
switching element R(l,4) to top port 3 of switching element R(2,l), bottom port 3 of switching 
element R(l,2) to top port 1 of switching element R(2,5), bottom port 3 of switching element 
R(2,5) to top port 3 of switching element R(3,5), bottom port 2 of switching element R(2,5) to 
top port 3 of switching element R(3,4), bottom port 1 of switching element R(2,5) to top port 3 
of switching element R(3,3), bottom port 0 of switching element R(2,5) to top port 3 of switching 
element R(3,2), bottom port 3 of switching element R(2,4) to top port .3 of switching element 
R(3,l), and bottom port 3 of switching element R(2,2) to top port 1 of switching element R(3,5). 

[0149] Fig. 71 A, Fig. 71B, Fig. 71C, Fig. 71D, Fig. 71E, Fig. 71F, Fig. 71G, Fig. 71H, 
Fig. 711, Fig. 71J, Fig. 71K, Fig. 71L and Fig. 71M show the ISIC network between stages 
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R(l,*) and R(2,*) being rewired into post-reconfiguration CGISIC network by moving the connec- 
tion firom top port 2 of switching element R(2,3) to top port 2 of switching element R(2,5); adding a 
connection between bottom port 3 of switching element R(l,3) and top port 2 of switching element 
R(2,3); moving the connection from bottom port 0 of switching element R(l,2) to bottom port 3 
of switching element R(l,l); moving the connection from top port 0 of switching element R(2,4) 
to top port 0 of switching element R(2,5); moving the connection from top port 0 of switching 
element R(2,3) to top port 0 of switching element R(2,4); adding a connection between top port 0 
of switching element R(2,3) and bottom port 3 of switching element R(1,0); moving the connection 
from top port 2 of switching element R(2,4) to top port 3 of switching element R(2,0); moving the 
connection from top port 2 of switching element R(2,2) to top port 2 of switching element R(2,4); 
moving the connection from top port 2 of switching element R(2,l) to top port 2 of switching 
element R(2,2); moving the connection from top port 2 of switching element R(2,0) to top port 2 
of switching element R(2,l); moving the connection from top port 1 of switching element R(2,4) 
to top port 2 of switching element R(2,0); moving the connection from top port 1 of switching 
element R(2, 3) to top port 1 of switching element R(2,4); and moving the connection from top 
port 1 of switching element R(2,2) to top port 1 of switching element R(2,3), respectively. 
[0150] Fig. 71N shows a partially upgraded 30 port RBCCG multistage switching network 
with a completed rewire of the ISIC network between stages R(l,*) and R(2,*) after adding a 
connection between top port 1 of switching element R(2,2) and bottom port 0 of switching element 
R(l,2). 

[0151] Fig. 72A, Fig. 72B, Fig. 72C, Fig. 72D, Fig. 72E, Fig. 72F, Fig. 72G, Fig. 72H, 
Fig. 721, Fig. 72J, Fig. 72K, Fig. 72L and Fig. 72M show the ISIC network between stages 
R(0,*) and R(l,*) being rewired into a post-reconfiguration CGISIC network by swapping bottom 
ports 1 and 0 of switching element R(0,1); swapping bottom ports 1 and 0 of switching element 
R(0,2); swapping bottom ports 2 and 1 of switching element R(0,2); swapping bottom ports 1 
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and 0 of switching element R(0,3); swapping bottom ports 2 and 1 of switching element R(0,3); 
swapping bottom ports 2 and 0 of switching element R(0,4); moving the connection from top port 2 
of switching element R{1,3) to top port 2 of switching element R(l,5); adding a connection between 
bottom port 3 of switching element R(0,3) and top port 2 of switching element R(l,3); moving the 
connection from bottom port 2 of switching element R(0,2) to bottom port 3 of switching element 
R(0,1); moving the connection from top port 0 of switching element R(l,3) to top port 0 of switching 
element R(l,5); adding a connection between top port 0 of switching element R(l,3) and bottom 
port 3 of switching element R(0,0); moving the connection from bottom port 2 of switching element 
R(0,3) to bottom port 2 of switching element R(0,2); etnd moving the connection from bottom port 
2 of switching element R(0,4) to bottom port 2 of switching element R(0,3), respectively. 
[0152] Fig. 72N shows a partially upgraded 30 port RBCCG multistage switching network 
with a completed rewire of the ISIC network between stages R(0,*) and R(l,*) after adding a 
connection between bottom port 2 of switching element R(0,4) and top port 3 of switching element 
R(1,0), 

[0153] Fig. 720 shows a partially upgraded 30 port RBCCG multistage switching network 
with a completed reconfigmre of the ISIC network between stages R(2,*) and R(3,*) 
[0154] Fig. 73 shows a 36-port RBCCG multistage switching network. This architecture is 
to be converted to a 40-port RBCCG multistage switching network with the removal of a switching 
element per stage and expansion of the fanout. 

[0155] Fig. 74 shows the 40-port post-reconfiguration RBCCG multistage switching network 
which the network shown in Fig. 73 is to be converted to. 

[0156] Fig. 75 shows the result of the non-disruptive addition of connections: bottom port 3 
of switching element R(0j4) to top port 3 of switching element R(l,4), bottom port 3 of switching 
element R(0,3) to top port 3 of switching element R(1,0), bottom port 3 of switching element 
R(l,4) to top port 3 of switching element R(2,4), bottom port 3 of switching element R(l,3) to 
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top port 3 of switching element R(2,0), bottom port 3 of switching element R(2,4) to top port 3 of 
switching element R(3,4), and bottom port 3 of switching element R(2,3) to top port 3 of switching 
element R(3,0). 

[0157] Fig. 76A, Fig. 76B, Fig. 76C, Fig. 76D, Fig. 76E, Fig. 76F, Fig. 76G, Fig. 76H, 
Fig. 761, Fig. 76J, Fig. 76K, Fig. 76L, Fig. 76M and Fig. 76N show the ISIC network 
stages R(l,*) and R(2,*) being rewired into a post-reconfiguration CGISIC network by moving 
the connection from top port 2 of switching element R(2,0) to top port 3 of switching element 
R(2,l); moving the connection from bottom port 1 of switching element R(l,4) to bottom port 3 of 
switching element R(l,2); adding a connection between bottom port 1 of switching element R(l,4) 
and top port 3 of switching element R(2,2); moving the connection from top port 2 of switching 
element R(2,2) to top port 3 of switching element R(2,3); moving the connection from top port 1 
of switching element R(2,3) to top port 2 of switching element R(2,2); moving the connection from 
bottom port 2 of switching element R(l,2) to bottom port 3 of switching element R(l,l); .adding 
a connection between bottom port 2 of switching element R(l,2) and top port 2 of switching 
element R(2,0); moving the connection from top port 1 of switching element R(2,0) to top port 
1 of switching element R(2,3); moving the connection from bottom port 0 of switching element 
R(l,l) to bottom port 3 of switching element R(1,0); moving the connection from bottom port 1 
of switching element R(l,l) to bottom port 0 of switching element R(l,l); adding a connection 
between bottom port 1 of switching element R(l,l) and top port 1 of switching element R(2,0); 
disconnecting top port 2 of switching element R(2,4) and moving the connection from top port 
1 of switching element R(2,5) to top port 2 of switching element R(2,4); disconnecting top port 
1 of switching element R(2,4) and moving the connection from top port 1 of switching element 
R(2,l) to top port 1 of switching element R(2,4); and moving the connection from bottom port 0 
of switching element R(l,5) to bottom port 1 of switching element R(l,3), respectively. 
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[0158] Fig. 760 shows a partially upgraded 40 port RJBCCG multistage switching network 
with a completed rewire of the ISIC network between stages R(l,*) and R(2,*) after moving the 
connection from top port 0 of switching element R(2,5) to top port 1 of switching element R(2,l). 
[0159] Fig. 77A, Fig. 77B, Fig. 77C, Fig. 77D, Fig. 77E, Fig. 77F, Fig. 77G, Fig. 77H, 
Fig. 771, Fig. 77J, Fig. 77K, Fig. 77L, Fig. 77M, Fig. 77N, Fig. 770, Fig. 77P, Fig. 77Q, 
Fig. 77R, Fig. 77S and Fig. 77T show the connections between stages R(0,*) and R(l,*) being 
rewired into a post-reconfiguration CGISIC network by swapping bottom ports 1 and 0 of switching 
element R(0,1); swapping bottom ports 0 and 2 of switching element R(0,2); swapping bottom ports 
1 and 3 of switching element R(0j2); swapping bottom ports 0 and 1 of switching element R(0,3); 
swapping bottom ports 0 and 2 of switching element R(0,3); swapping bottom ports 1 and 0 of 
switching element R(0,4); swapping bottom ports 2 and 1 of switching element R(0,4); swapping 
top ports 1 and 2 of switching element R(l,4); swapping top ports 1 and 2 of switching element 
R(l,3); swapping top ports 2 and 3 of switching element R(lj2); swapping top ports 2 and 3 of 
switching element R(l,l); swapping top ports 1 and 2 of switching element R(l,l); swapping top 
ports 1 and 2 of switching element R(1,0); moving the connection from top port 1 of switching 
element R(1,0) to top port 3 of switching element R(l,3); moving the connection from top port 1 
of switching element R(l,5) to top port 2 of switching element R(l,2); moving the connection from 
bottom port 1 of switching element R(0,5) to bottom port 1 of switching element R(0,2); moving the 
connection from bottom port 0 of switching element R(0,2) to bottom port 3 of switching element 
R(0,1); moving the connection from bottom port 1 of switching element R(0,1) to bottom port 
3 of switching element R(0,0); adding a connection between bottom port 1 of switching element 
R(0,1) and top port 1 of switching element R(1,0); and moving the connection from bottom port 
0 of switching element R(0,5) to bottom port 0 of switching element R(0,2), respectively. 
[0160] Fig. 77U shows a partially upgraded 40 port RBCCG multistage switching network 
with a completed rewire of the ISIC network between stages R(0,*) and R(l,*) after moving the 
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connection from top port 0 of switching element R(l,5) to top port 1 of switching element R(l,l). 
[0161] Fig. 77V shows an upgraded 40 port RBCCG multistage switching network with a 
completed reconfigure of the ISIC network between stages R(2,*) and R(3,*) 
[0162] Fig. 78 shows a 24-port RBCCG multistage switching network. This architecture is 
to be converted to a 30-port shifted RBCCG multistage switching network with the addition of an 
extra switching element per stage. 

[0163] Fig. 79 shows the 30-port post-reconfiguration RBCCG multistage switching network 
which the network shown in Fig. 78 is to be converted to. 

[0164] Fig. 80 shows the result of the non-disruptive addition of connections: bottom port 
1 of switching element R(0,4) to top port 2 of switching element R(l,4); and bottom port 0 of 
switching element R(l,4) to top port 2 of switching element R(2,4). 

[0165] Fig. 81A, Fig. 81B, Fig. 81C and Fig. 81D show the connections between stages 
R(l,*) and R(2,*) being relabeled in accord with its corresponding ISIC network in the post- 
reconfiguration architecture by swapping bottom ports 2 and 0 of switching element R(1,0); swap- 
ping bottom ports 1 and 0 of switching element R(l,l); swapping bottom ports 2 and 1 of switching 
element R(l,l); and swapping bottom ports 1 and 0 of switching element R(l,2), respectively. 
[0166] Fig. 81E, Fig. 81F, Fig. 81G, Fig. 81H, Fig. 811, Fig. 81 J and Fig. 81K show the 
connections between stages R(2,*) and R(3,*) being relabeled in accord with its corresponding ISIC 
network in the post-reconfiguration architecture by swapping bottom ports 0 and 2 of switching 
element R(2,0); swapping bottom ports 0 and 2 of switching element R(2,l); swapping bottom 
ports 2 and 1 of switching element R(2,2); swapping bottom ports 1 and 0 of switching element 
R(2,3); swapping bottom ports 2 and 1 of switching element R(2,3); swapping top ports 0 and 1 of 
switching element R(3,3); and swapping top ports 0 and 1 of switching element R(3,0), respectively. 
[0167] Fig. 81L shows a partially relabeled 30 port shifted RBCCG multistage switching 
network. 
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[0168] Fig. 82A, Fig. 82B, Fig. 82C, Fig. 82D, Fig. 82E, Fig. 82F, Fig. 82G, Fig. 82H, 
Fig. 821, Fig. 82J, Fig. 82K, Fig. 82L, Fig. 82M, Fig. 82N, Fig. 820, Fig. 82P, Fig. 82Q, 
Fig. 82R, Fig. 82S, Fig. 82T, Fig. 82U, Fig. 82V, Fig. 82W and Fig. 82X show the 
all the ISIC networks being reconfigured into the post-reconfiguration architecture by moving 
the connection from bottom port 1 of switching element R(1,0) to bottom port 2 of switching 
element R(l,4); moving the connection from top port 1 of switching element R(2,2) to top port 
1 of switching element R(2,4); moving the connection from bottom port 0 of switching element 
R(0,0) to bottom port 2 of switching element R(0,4); moving the connection from bottom port 0 
of switching element R(2,0) to bottom port 2 of switching element R(2,4); moving the connection 
from top port 2 of switching element R(3,l) to top port 2 of switching element R(3,4); moving the 
connection from top port 1 of switching element R(3,2) to top port 1 of switching element R(3,4); 
moving the connection from top port 0 of switching element R(2,3) to top port 1 of switching 
element R(2,2); moving the connection from top port 2 of switching element R(1,0) to top port 
1 of switching element R(l,4); moving the connection from bottom port 2 of switching element 
R(0,3) to bottom port 0 of switching element R(0,4); moving the connection from top port 0 of 
switching element R(l,3) to top port 0 of switching element R(l,4); adding a connection between 
top port 0 of switching element R(2j3) and bottom port 1 of switching element R(1,0); moving 
the connection from bottom port 1 of switching element R(2,l) to bottom port 0 of switching 
element R(2,4); moving the connection from bottom port 2 of switching element R(1,0) to bottom 
port 1 of switching element R(l,4); adding a connection between top port 0 of switching element 
R(2,4) and bottom port 2 of switching element R(1,0); moving the connection from bottom port 
1 of switching element R(0,3) to bottom port 2 of switching element R(0,3); adding a connection 
between top port 1 of switching element R(3,2) and bottom port 1 of switching element R(2,l); 
moving the connection from top port 0 of switching element R(3,3) to top port 2 of switching 
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element R(3,l); adding a connection between top port 0 of switching element R(3,3) and bottom 
port 0 of switching element R(2,0); moving the connection from bottom port 0 of switching element 
R(0,3) to bottom port 1 of switching element R(0,3); adding a connection between bottom port 
0 of switching element R(0,3) and top port 2 of switching element R(1,0); moving the connection 
from top port 0 of switching element R(l,2) to top port 0 of switching element R(l,3); moving 
the connection from bottom port 1 of switching element R(2,0) to bottom port 1 of switching 
element R(2,4); moving the connection from top port 0 of switching element R(l,l) to top port 
0 of switching element R(l,2); and adding a connection between top port 0 of switching element 
R(3,4) and bottom port 1 of switching element R(2,0), respectively. 

[0169] Fig. 82Y shows an upgraded 30 port shifted RBCCG multistage switching network, 
adding a connection between top port 0 of switching element R(l,l) and bottom port 0 of switching 
element R(0,0). 

[0170] Fig. 83 shows how the internal insertion of a GCISIC into a Banyan network can 
destroy functional connectivity 

[0171] Fig. 84A, Fig. 84B, Fig. 84C and Fig. 84D show the process of stage upgrades for 
hybrid architectures. 

[0172] Fig. 86A shows a two-dimensional RBCCG network expanded in width by the addition 
of a "planar column" of switching elements. 

[0173] Fig. 86B shows a two-dimensional RBCCG network expanded in width by the addition 
of switching elements in arbitrary positions. 

[0174] Fig. 86C shows a two-dimensional RBCCG network expanded in both "widths" by 
the addition of two perpendicular "planar columns" of switching elements. 

[0175] Fig. 86D shows a two-dimensional RBCCG network expanded in both 'Svidths" by 
the addition of switching elements in arbitrary positions. 

[0176] Fig. 87A and Fig. 87B shows a simultaneous upgrade in fan-out, width and height. 
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[0177] Fig. 88A, Fig. 88B, Fig. 88C, Fig. 88D, Fig. 88E, and Fig. 88F show an upgrade 
by increasing the width of an overlaid double RBCCG network. 

[0178] Fig. 89A, Fig. 89B, Fig. 89C, Fig. 89D, Fig. 89E, and Fig. 89F show a fan-out 
upgrade of an overlaid double RBCCG network. 

[0179] Fig. 90 A, Fig. 90B, Fig. 90C, and Fig. 90D show an architectural conversion of 
the fan-out in one direction to fan-out in the perpendicular direction of an overlaid double RBCCG 
network. 

[0180] Fig. 91 shows a practical implementation of scalable switching network whereby 
switching elements are connected to a patch panel and the connections are completed through 
a series of jumper cables. 

[0181] Fig. 92 shows a typical patch panel augmented by indicator lights. 

[0182] Fig. 93 shows a switching element with latching switches attached to the ports and 

alternatively shows an embodiment of a "latched router." 

[0183] Fig. 94 is a pseudocode description of a method to guide a technician through a 
manual upgrade process using indicators. 

[0184] Fig. 95A and Fig. 95B show how latching switches are used to redirect traffic. 
[0185] Fig. 96 shows a practical implementation of a scalable switching network whereby 
switching elements are connected through to an interconnection box. 

[0186] Fig. 97 shows a schematic of an interconnection box, which is designed to have 
prepackaged interconnection boards to facilitate the upgrade process, 
[0187] Fig. 98 shows an embodiment of a interconnection board. 

[0188] Fig. 99 shows an embodiment of electronically controlled interconnections using an 
optical crossbar. 

[0189] Fig. 100 A shows a typical modern implementation of a metropolitan area switching 
network. 
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[0190] Fig. lOOB shows a proposed implementation of a metropolitan area switching network 
using scalable switching networks as the core infrastructure. 

[0191] Fig. lOOC shows a detailed view of the RBCCG network at the heart of a metropohtan 
area switching network. 

[0192] Fig. 101 shows a deployment of a complex of servers and services using a scalable 
switching network. 

[0193] Fig. 102A shows a deployment of a networked attached storage (NAS) unit using a 
scalable switching network. 

[0194] Fig. 102B shows a deployment of a storage area network (SAN) using a scalable 
switching network. 

[0195] Fig. 102C shows a deployment of a storage area network (SAN) using a scalable 
switching network employing large gateway servers. 

[0196] Fig. 103 shows a deployment of processor cluster such as Beowulf using a scalable 
switching network. 

[0197] Fig. 104A shows a typical implementation of a peripheral bus for a computer. 
[0198] Fig. 104B shows an architecture were the peripheral bus is replaced by a scalable 
switching network. 

[0199] Fig. 105 A shows a typical implementation of a system bus internal to a computer. 
[0200] Fig. 105B shows an architecture were the peripheral bus and the system bus is re- 
placed by a scalable switching network. 

[0201] Switching elements are any type of device configiu-ed to relay traffic through different 
paths depending on the destination address of the traffic. Depending on the context, the switching 
elements as well as the systems and methods recited within this disclosure, operate with both circuit 
switched networks, packet switched networks, and networks comprising circuit switched elements 
and packet switched elements. The switching elements include but aren't limited to routers and 
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switches, such as an Asynchronous Transfer Mode (ATM) switch or Ethernet switch. A switching 
element comprises ports which are an interface by which traffic is allowed to flow. 
[0202] Some switching elements caji further have the capability of expanding in the number 
of ports. In some embodiments, the switching elements can have the number of ports expanded 
without requiring the switching element to be powered off and in fact, the switching elements can 
even relay traffic during the expansion process, known as a hot upgrade. 

[0203] For example, a router often comprises a central networking processor and a plurality 
of Une cards. The router is designed to allow line cards to be added and removed while the router 
is in operation. Line cards comprise at least one port. Therefore, the number of ports on this type 
of router can be changed while the router is in operation. 

[0204] In discussing switching elements a distinction is drawn between a physical layout and 
a logical layout. In Fig. 5A, a switching element is depicted as having six ports 42, 44, 46, 48, 50, 
and 52. These ports can physically be accessed anywhere on the switching element; for example, 
it is common for switches to have all their ports located in the rear. Regardless of the physical 
layout, ports on a switching element can be logically located. For example, ports can be logically 
defined as a top port or a bottom port. In another logical embodiment, the same switching element 
can have ports logically defined as a top port, bottom port, left port or right port. For example, 
switching element 40 can logically be defined to look like switching element 60 in Fig. 5B, by 
logically mapping ports 42, 44, and 46 to top ports 62, 64, and 66, respectively and ports 48, 50, 
and 52 to bottom ports 68, 70, and 72. In another logical embodiment, switching element 40 can 
logically be defined to look like switching element 80 in Fig. 5C, by logically mapping port 42 to 
top port 82, port 44 to top port 84, port 46 to left port 86, port 48 to bottom port 88, port 50 to 
bottom port 90, and port 52 to bottom port 92. 

[0205] The mapping of physical to logical ports can be used to give multidimensional char- 
acteristics to a switching element. Fig. 5D shows a switching element 100 having ports 102, 104, 
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106, 108, 110, and 112, representing top ports 0, 1, 2, 3, 4, and 5. By mapping top ports 0, 1, 2, 3, 
4, and 5 to top ports (0,0), (0,1), (0,2), (1,0), (1,1) and (1,2) as indicated in Fig. 5E by ports 122, 
124, 126, 128, 130, and 132, respectively, the resultant logical switching element 120 exhibits two- 
dimensional characteristics. By extension, two dimensional local mapping can apply to defining 
bottom ports, left ports, right ports, front ports, and back ports. Clearly, logical mapping can 
result in higher dimensional characteristics of a switching element. 

[0206] In describing a switching network, several terms are used in this disclosure. In address- 
ing any switching network, an external port to a switching network is a port of a switching element 
which is intended to be connected to a device not part of the switching network. Likewise, an inter- 
nal port to a switching network is a port of a switching element which is intended to be connected 
to another switching element within. Similarly, an external connection is a connection between a 
switching element of the switching network and a potential external device and an internal con- 
nection is a connection between two or more switching elements within the switching network. 
For example, in Fig. 6A, switching network 200 comprises a plurality of switching elements 202, 
where some of the switching elements 202 have external ports 206 and 204 and internal ports 208. 
Conversely, some of the switching elements 202 only have internal ports. In this example, there 
are a plurality of internal connections 210 and an external connection 212. An external port 204 
need not be connected to an external device 214 as long as the port is intended to be connected to 
an external device. Furthermore, if the switching network is reconfigured, expanded or modified, 
an external port can be made converted to an internal port by simply connecting it to another 
switching element within the switching network. Likewise, an internal port can be made available 
to an external device thereby redefining the role to an external port. The distinction between 
internal and external is not intended to be a constraining property of the port, but merely as a 
logical allocation. 

32 



[0207] A switching network is termed functionally connected if for every pair of external ports, 
there is a path connecting them. For example, in Fig. 6B, switching network 220 is functionally 
connected. Every pair of external ports can be connected through switching network 220. For 
example, external ports 222 and 224 can be connected through path 226. 

[0208] In Fig. 6C, the specific case of a multistage switching network 240, the network 
tj^ically comprises a layer of external ports 242, two or more stages of switching elements 244, 
and an inter-stage interconnection (ISIC) network 246 connecting two adjacent stages comprising 
all connections between the two adjacent stages. In such referring to such a network, the number 
of stages is referred to as the height, H. In a one-dimensional stage, the width is referred to as the 
width, W. 

[0209] In higher dimensional stages, a width is ascribed to each coordinate axis. For example, 
Fig. 7A shows a multistage switching network with two-dimensional stages. It has H stages and 
is referred to as having a height of H. For ease of notation, the direction perpendicular to the 
stages (i.e. the direction traversed in order to count the number of stages) is referred to as the y 
axis, and each direction the stages occupy are referred to as the Xi direction. In the example of 
Fig. 7A, each stage has widths of Wi in the xi direction and W2 in the X2 direction as further 
depicted in Fig. 7B. • 

[0210] The port width of a switching element is referred to in this disclosure as the fanout. 
This definition coincides historically with the definition of fanout in multistage interconnection 
networks. However, in practice, switching elements can include bidirectional ports; that is, traffic 
is allowed to flow in and out of each port, so this definition of fanout can differ from some meanings 
in the art. Fig. 7C depicts a switching element with a fanout of F\ it has F top ports and F 
bottom ports. Similarly, if a stage of a multistage switching network is multidimensional, it can 
have various fanouts. For example, Fig. 7D shows a two-dimensional switching element with 
fanouts of Fi in the Xi direction and F2 in the X2 direction. 
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[0211] Fig. 8 A, Fig. 8B and Fig. 8C depict an overlaid switching network 300 which is 
described in detail below, with external ports 310. It can be described in terms of rows and 
columns. Between rows can be an inter-row interconnection (IRIC) network 320 as indicated in 
Fig. 8B. Between the columns can be an inter-column interconnection (ICIC) network 330 as 
indicated in Fig. 8C. 

[0212] As a convention in the diagrams, items are generally counted starting with 0 from top 
to bottom, left to right and, in the case of three dimensional drawings, front to back. For example, 
the stages of a multistage switching networks are numbered from top to bottom from 0 to i/ — 1 
with stage 0 at the top and the ports on the switching elements are numbered from left to right 
from 0 to F — 1 with port 0 leftmost. Furthermore, the switching elements are numbered from left 
to right from 0 to W — 1. 

[0213] On occasion, it is convenient to refer to a port as belonging to a stage or ISIC network, 
that is a port belongs to a stage if it belongs to a switching element belonging to the stage. A port 
belongs to an ISIC network if it is a top port and the top ports of the stage to which it belongs 
is coupled to the ISIC network. Conversely, if the port is a bottom port, it belongs to an ISIC 
network if the bottom ports of the stage to which it belongs is coupled to the ISIC network. One 
should not by this convention a port need not be connected to belong to an ISIC network. 
[0214] It is often convenient to niunber these ports from 0 to W x F — I, Notationally, 
each switching element can be labeled as R{n,w) indicating it is ti; -f 1 switching elements from 
the leftmost switching element in stage n -h 1. Fig. 9 depicts stage n + 1 of switching elements, 
indicated as stage 400. In this example, F = 3 and W = 5 so the bottom and top ports for each 
switching element are numbered from 0 to 2, as indicated by 402 for the top ports and 404 for 
the bottom ports. If referring to the top ports and bottom ports of the stage, they are numbered 
from 0 to 14 as indicated by 406 and 408 respectively. Mathematically, the relationship is a simple 
equation, for instance, top port 2 of switching element R(n,4) would be top port 4F + 2 of stage n. 
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In discussion of higher dimensional switching networks, this concept can be extended to numbering 
of all ports of a two-dimensional stage stage. For instance, bottom port (1,3) of switching element 
R(7i,2,3) would be bottom port (2Fi + 1, 3F2 + 3) of the ISIC network. 

[0215] By way of specific example, many of the switching networks described are redundant 
blocking compensated cyclic group (RBCCG) networks as described by Huang in U.S. Patent No. 
5,841,775; therefore, U.S. Patent No. 5,841,775, entitled "Scalable Switching Networks," issued 
on November 24, 1998 is incorporated herein by reference in its entirely as if set forth in full. 
Specifically, balanced RBCCG networks which have a stride value equal to the fanout such as the 
one depicted in Fig. 10 are used. The balanced RBCCG network depicted in Fig. 10 has a fanout 
of 3, a stride of 3, height of 4 and a width of 5. Each ISIC network in a balanced RBCCG is 
referred to as a cyclic group ISIC (CGISIC) network. 

[0216] Though the RBCCG switching networks offer a wide variety of advantages over the 
fixed radix switching networks, the fixed radix switching networks have been more extensively 
studied and axe considered more traditional. The methods described here utilize the advantages 
of the CGISIC networks in conjunction to augment the properties of the traditional multistage 
switching networks. Though this method is described for augmenting a fixed radix switching 
network, it can be applied to any multistage switching network. 

[0217] One embodiment of a multistage switching network augmentation method is the in- 
sertion of a extra stage. Fig. 12 shows a network comprising a Banyan network 1002, an extra 
stage 1006 connected with ISIC network 1004, which in this case is identical to the ISIC net- 
work 1008 between the second and third stages of Banyan network. Since the Banyan network is 
functionally connected, the network depicted in Fig. 12 is also functionally connected with fault 
tolerance derived from redundant paths much in the same way as an RBCCG switching network. 
It falls short however in that the type of stages are not interchangeable, and the addition of new 
stages can not necessarily be made arbitrarily. The addition of a stage in the wrong position (or 
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the wrong type of ISIC network) can yield a network which not only lacks fault tolerance, but may 
not be functionally connected. 

[0218] The shortcoming of arbitrary stage augmentation yields the following refinement to 
the multistage switching network augmentation method: the insertion of an extra stage with a 
CGISIC network. As depicted in Fig. 11 A, a multistage switching network 1122 is connected 
through one set of its external ports 1124 to another stage of switching elements 1126, by an 
CGISIC network 1128. In an alternate embodiment depicted in Fig. IIB, the same multistage 
switching network 1122 depicted in Fig. 11 A is divided into two pieces 1142 and 1144, ISIC 
network 1150 is preserved with piece 1144. Equivalently, the multistage switching network could 
have been divided so ISIC network 1150 is preserved with piece 1142. A new stage 1146 is attached 
to piece 1142 through CGISIC network 1148, and to piece 1144 through ISIC 1150. Generally, the 
internal insertion depicted in Fig. IIB is less desirable than the external, insertion depicted in 
Fig. 11 A as an architectural design. Often times, the multistage switching network is available 
as a complete unit whereby the internal connections can not be broken. Furthermore, unlike the 
external insertion depicted in Fig. 11 A, the connectivity of the network can be detrimentally 
irnpacted to the point of no longer being fimctionally connected, especially if the initial multistage 
switching network is a radix two network, whereas with an external insertion, the resulting network 
is guaranteed to be functionally connected if the initial multistage switching network is functionally 
connected. Furthermore, with an internal insertion, any calculation-based routing can be severely 
impacted, whereas with an external insertion calculation-based routing of the multistage switching 
network can be used in combination with the calculation-based routing of a CGISIC network 
described below. 

[0219] Due to the symmetry of the topologies given above, an inverted CGISIC network could 
be used in place of the CGISIC networks 1128 or 1148 in Fig. IIA and Fig. IIB, respectively. 
Once this extra stage is added, fault tolerance is either established or increased. Additional stages 
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can be added or the architecture can be converted to another switching network in a manner to 
avoid disruption of service as described below. 

[0220] The following eight exemplars are products of eight embodiments of the augmentation 
method described above. 

[0221] The first example, depicted in Fig. 13A, shows a 32-port switching network comprising 
a Banyan network 1102, an extra stage 1104 and a CGISIC network 1106. The second example, 
depicted in Fig. 13B, shows a 32-port switching network comprising a crossover network 1122, 
an extra stage 1124 and a CGISIC network 1126. The third example, depicted in Fig. 13C, 
shows a 32-port switching network comprising a delta network 1142, an extra stage 1144 and a 
CGISIC network 1146. The fourth example, depicted in Fig. 13D, shows a 32-port switching 
network comprising a Banyan network 1162, an extra stage 1164 and an inverted (upside-down) 
CGISIC network 1166. It should be noted that the orientation of the ISIC network 1166 does not 
affect the positive properties of the hybrid architecture. The fifth example, depicted in Fig. 13E, 
shows a 32-port switching network comprising a Banyan network 1182, an extra stage 1184 and a 
CGISIC network 1186. This example differs from the example depicted in Fig. 13A in that the 
extra stage is attached to the top of the network rather than the bottom. It should be noted that 
whether the placement of the extra stage is at the top or bottom of the network does not affect the 
positive properties of the hybrid architecture. The sixth example, depicted in Fig. 13F shows a 
32-port switching network comprising a Banyan network 1202, an extra stage 1204 and an CGISIC 
network 1206 generated firom a variant of the standard group generator. This network differs firom 
that of Fig. 13A in that the ISIC network 1206 utilizes a different generator than that of CGISIC 
network 1106. The seventh example depicted in Fig. 13G, shows a 32-port switching network 
comprising a BOP network 1222, an extra stage 1224 and an CGISIC network 1226 generated 
firom a variant of the standard group generator. ISIC network 1226 uses the same generator as 
that of the ISIC network 1206. 
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[0222] Finally, the eighth example depicted in Fig. 13H, shows a 54-port switching network 
comprising a trinary Banyan network 1242 like the one shown in Fig. IC, an extra stage 1244 and 
a CGISIC network 1246 designed for switching elements of fanout of three. 

[0223] An extra stage augmentation of fixed radix switching networks yields networks whose 
width is constrained to a power of the radix which typically is the fanout of each switching element. 
For example, Figs. 13A-13G still have a width which is a power of two, although, they are 
no longer confined to a height which is radix-based logarithm of the the width (i.e. logpW). 
Additional methods to augment many of the traditional multistage switching network architectures 
are given in the forthcoming examples. 

[0224] Fig. 14A shows a creation of a 36-port architecture from a standard 32-port Banyan 
network. The 8th column is duplicated into a 9th column adjacent to the original Banyan network. 
The new connections shown in bold can be connected to the original Banyan network. The dotted 
lines indicate connections that broken to accommodate the new connections. The result of this 
"last column" dupUcation is shown in Fig. 14B. It stands to reason that since the original Banyan 
network is functionally connected, the addition of an extra column would leave some inputs unable 
to communicate to some outputs. For example, there is no path between external port A to external 
port B. 

[0225] The augmentation of the network in Fig. 14B, with an extra stage connected by 
a CGISIC network shown in Fig. 14C not only reestablishes functionally connectivity between 
external ports, but also introduces some redundant paths between some external ports. 
[0226] Another method to vary a Banyan network is to adjust the "stride" of the stages. In 
a traditional 32-port Banyan network, in the topmost ISIC network, one connection per switching 
element strides to the 4th switching elements in the following stage. In the second topmost ISIC 
network the stride is two. In the bottommost ISIC network, the stride is one. Normally, the stride 
is a power of the fanout. 
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[0227] Fig. 14D shows a non-traditional stride length in the topmost ISIC network. The bold 
connection shows an example of a connection with a stride of three. The second ISIC is augmented 
by the same kind of "column" augmentation shown in Fig. 14 A. The resultant network is a load 
balanced functionally connected switching network with some fault tolerance. Fig. 14E shows 
the network of Fig. 14D augmented by an extra stage connected with a CGISIC network, which 
bolsters the fault tolerance and permits the network to be further upgraded without disruption of 
service. 

[0228] Fig. 15A shows a delta network. It should be noted that in the delta network, the 
ISIC networks comprise inverted CGISIC networks. ISIC network 1010 is identical to an inverted 
CGISIC. ISIC networks 1020 and 1022 are identical to an inverted CGISIC network of a switching 
network of width 4. ISIC networks 1030, 1032, 1034, and 1036 axe identical to an inverted CGISIC 
network of a switching network of width 2. One method of altering the delta network is to either 
reduce or increase the width, and to substitute an inverted CGISIC network of the appropriate 
width to compensate for the change in width. 

[0229] For example. Fig. 15B is a modified delta network of width 7. ISIC network 1010 
of Fig. 15A is replaced by an inverted CGISIC network 1012 of width 7. ISIC network 1022 
of Fig. 15A is replaced by an inverted CGISIC network 1024 of width 3: ISIC network 1036 of 
Fig. 15A is replaced by an inverted CGISIC network 1038 of width 1. . 

[0230] Fig. 15C is a delta network modified to an increased width of 9. ISIC network 1010 
of Fig. 15A is replaced by an inverted CGISIC network 1014 of width 9. ISIC network 1022 
of Fig. 15A is replaced by an inverted CGISIC network 1026 of width 5. ISIC network 1036 of 
Fig. 15A is replaced by an inverted CGISIC network 1040 of width 3. Since the extension of the 
width would yield a network no longer functionally connected, an extra stage 1042 is added along 
with another inverted CGISIC network 1044 of width 9. 
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[0231] Unlike the hybrid architectures described above, the method of Cartesian product of 
switching networks is a design technique and is not intended to be used to alter preexisting network 
architectures, but rather to take one or more networks and their ISIC networks as a template for 
a more elaborate switching network design. 

[0232] In one embodiment of the design method, more than one RBCCG networks are used 
as templates. According to Huang in U.S. Patent 5,841,775, the ISIC networks are derived from 
various possible cyclic groups. Let Gi be such a cyclic group used to generate ISIC networks 
for an RBCCG with width Wi, height H and fanout Fi (henceforth notated as a.Wi x H x Fi 
RBCCG network) and G2 be such a cyclic group used to generate ISIC networks for an RBCCG 
with width W2, height H and fanout F2. Then the interconnections are given by the group action 
generated by the Cartesian product Gi x G2 of the two groups. This can expUcitly be designated 
mathematically as follows: If pi represents a port of the Wi x H x Fi RBCCG network, and Gi 
is the cyclic group action, then pi is connected to 'J^Giipi)^ where ttgi denotes the interconnection 
mapping defined by the group Gi. Similarly, if P2 represents a port of the W2 x H x F2 RBCCG 
network, and G2 is the cyclic group action, then p2 is connected to 7rG2(P2)- The new connection 
mapping is defined for the two-dimensional extension as 7rG^xG2 ' (Pi)P2) ^ {'^Gi{pi)i'^G2(P^))^ 
where the port labeling is given by the ordered pair {pi,P2)- 

[0233] In an exemplary embodiment of multidimensional extensions of an RBCCG network, 
two balanced RBCCG networks depicted in Fig. 16A and Fig. 16B serve as templates. The 
balanced RBCCG network depicted in Fig. 16A has a fanout of 3 and a width of 4, which serves 
as the template in the xi direction, while the balanced RBCCG network depicted in Fig. 16B has 
a fanout of 2 and a width of 3, and servers as the template in the X2 direction. Together they are 
used to constructed a two-dimensional RBCCG network with = 3, H^i = 4, Fi = 3, W2 = 3, 
and F2 = 3. In this example, the group generators are selected as such to generate a symmetric 
shuffle. Fig. 17A shows numerically the port mapping (ttgi) from the bottom ports of one stage 

40 



of switching elements to the top ports of the next stage of switching elements corresponding to the 
ISIC networks shown in Fig. 16A. For instance, as a result of the mapping, bottom port 7 should 
be connected to top port 10, bottom port 2 should be connected to top port 6, etc. Similarly 
Fig. 17B shows numerically the port mapping (ttg^) from the bottom ports of one stage of 
switching elements to the top ports of the next stage of switching elements corresponding to the 
ISIC networks shown in Fig. 16B. The composite mapping {^^01x02) is shown in Fig. 17C. It 
should be noted that since the ISIC networks of both switching networks in Fig. 16 A and Fig. 16B 
are identical between adjacent stages, the resultant Cartesian product network has identical ISIC 
networks between adjacent stages. 

[0234] Furthermore, it should be noted that each component of the ordered pair is mapped 
independently. For example, according to Fig. 17A, bottom port 7 should map to top port 10 
of the subsequent stage. Clearly, according to Fig. 17C, bottom port (7,*) maps to top port 
(10,**) of the subsequent stage, regardless of the value of the second component of the ordered 
pair. Additionally, the second component need not be the same and in fact is mapped according 
to the mapping defined in Fig. 17B. For example, according to Fig. 17B, bottom port 3 should 
map to top port 1 of the following row. Clearly, according to Fig. 17C, bottom port (*,3) maps to 
top port (**,1) of the following plane regardless of the value of the first component of the ordered 
pair. 

[0235] Figs. 18A-18G are intended to illustrate a three-dimensional rendering of the resul- 
tant network. Each subfigure represents a different perspective on the Cartesian product of the 
two RBCCG networks. Though the details can be difficult to discern from some of the detailed 
diagrams, the overall description of the resultant network should be clear to one of ordinary skill 
in the art through the perspective of all the subfigures. 

[0236] Fig. 18A shows all the connections between two adjacent stages of switching elements 
with those connections nearest the observation point highlighted with bolder lines. Fig. 18B. 
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shows the same interconnection network as Fig. 18 A, except only those nearest the observation 
point are visible. In this particular depiction of the connections, they are broken up into two 
"phases." The upper phase represents the impact of applying the mapping of Fig. 16B to each 
X2 component. The lower phase represents the impact of applying the mapping of Fig. 16A to 
each x\ component. Fig. 18C and Fig. 18D show the side view of the interconnection; that 
is, Fig. 18C shows the interconnection network along the y-x\ plane, and Fig. 18D shows the 
interconnection network along the 2/-X2 plane. Fig. 18E shows the same interconnection network 
as in Fig. 18A, but without separating the mappings into the Xi and X2 phases. Fig. 18F and 
Fig. 18G show the interconnection networks along the y-xi plane and the y-X2 plane, respectively. 
Finally, Fig. 19 shows the complete RBCCG network, resulting as the "Cartesian" product of the 
networks depicted in Fig. 16 A and Fig. 16B. Fig. 20 A shows a planar or "flattened" version 
of the network shown in Fig. 19. In this representation, the switching elements K{n^w\^W2) are 
depicted in a raster scan fashion as are their ports. The raster scan ordering of the ports is shown 
in a single exemplar shown in Fig. 20B. Though the intricacy of the details are already difficult 
to resolve in two dimensions, mathematically they are easy to implement. 

[0237] The extension described above apply to even higher dimensions follow from this ex- 
ample. For an n-dimensional Cartesian product of RBCCG networks, it would have a height, 
H, and n widths, Wi, W2, • with n corresponding fanouts Fi, F2, Fn- Functional 

connectivity requires H > max(log2rj W^i) logj^j W2, . . . ^ogp^ Wn) and fault tolerance requires H > 
max(logjrj Wi, logjr2 . . . , log^^ Wn) + 1- The mapping is given by the Cartesian product of the 
generating groups d for the WixHxFi RBCCG networks from which they are based. Specifically, 
the mapping is given as 7rGixG2x...xG„ : (pi,P2, • - ■ ,Pn) ^ {'^GAPi)^'^G2iP2), • • • ,7rG„(Pn)). 
[0238] The advantages of using a Cartesian product of RBCCG networks is that it reduces 
the lateral length that some connections take. In a RBCCG network with width Wi x W^, some 
traffic can traverse a distance of up to Wi x W2 switching elements. In a two-dimensional RBCCG 

42 



with widths W\ and H^2, which has the same number of switching elements as the W\ x W2 width 
RBCCG network, the traflSc would only traverse y/W^ + , a distance which in general is much 
smaller. 

[0239] Though described for RBCCG networks, the Cartesian product of two or more net- 
works can be defined in much the same way. The Cartesism product of two networks of equal 
height is to take the Cartesian product of their respective interconnection mappings defining each 
ISIC network. As an example of this method, Fig. 21A depicts a balanced RBCCG network and 
Fig. 21B depicts a Banyan network. The mapping of the ISIC network of Fig. 21 A is shown in 
Fig. 22 A. The mapping of the upper ISIC network of the Banyan network showii in Fig. 21B 
is shown in Fig. 22B and the mapping of the lower ISIC network is shown in Fig. 22C. The 
mapping of the Cartesian product of the two networks are shown in Fig. 22D for the upper ISIC 
network and Fig. 22E for the lower ISIC network. For clarity sake, no additional diagrams or 
depictions are shown, but one of ordinary skill could easily render such a network. 

[0240] Since the Banyan network has no fault tolerance, the resultant network is not uniformly 
fault tolerant. It should also be noted that as a result, upgrade of such a network can not be 
achieved without disruption of service. 

[0241] Like the multidimensional design technique, the overlaying process of switching net- 
work design is intended to be a design process, and not a process to directly upgrade an existing 
infrastructure. However, it is possible if each switching element can be augmented with additional 
physical ports to use this method to reconfigure an existing network. A product of the overlaying 
process, a design can bolster the fault tolerance of a network and reduce latency in many cases. 
As is evident, the methods described herein can be applicable to more than two networks and in 
higher dimensions. For clarity, the embodiment of the overlaying process involving two networks 
is described in detail. 
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[0242] One embodiment of the overlaying process receives two multistage switching networks. 
One of the two networks is rotated by 90 degrees so that the top ports become left ports and the 
bottom ports become right ports (or equivalently top ports can become right ports and bottom 
ports can become left ports.) The two networks are registered so that wherever possible, switching 
elements axe made to overlap. In an example where the first network has height H and width 
and the second network has height W and width /f, the switching elements can be made to 
completely coincide. Once the two networks are registered and overlaid, whenever two switching 
elements overlap, a single switching element is defined at that location having the same ports as 
the two switching elements it replaces. 

[0243] Fig- 23 illustrates this process: switching element 3000 depicts a switching element 
with two top ports and two bottom ports. Switching element 3010 depicts a switching element 
from a rotated multistage interconnection network with three right ports and three left ports. If 
these two switching elements axe overlaid, they axe replaced by switching element 3020, which has 
two top ports, two bottom ports, three right ports and three left ports. 

[0244] Furthermore, the ISIC networks of the first network become the IRIC networks of 
the resultant overlaid networks, and the ISIC networks of the second network become the ICIC 
networks of the resultant overlaid network. 

[0245] In the example to follow, a first network and a second network are overlaid to form a 
resultant third network. In each situation, a variety of diflFering multistage interconnection networks 
are combined, illustrating the versatility of this technique. 

[0246] In one embodiment, the Banyan network shown in Fig. 24A with a 4 rows and 8 
columns is overlaid on the balanced RBCCG network shown in Fig. 24B with 8 rows and 4 
columns and fanout per switching element of 2, resulting in the overlaid switching network shown 
in Fig. 24C. In another embodiment, the Banyan network shown in Fig. 24A with 4 rows and 8 
columns is overlaid on the switching network shown in Fig. 24D comprising three Banyan networks 
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coupled through a common stage of switching elements having 8 rows and 4 columns and fanout 
per switching element of 2, resulting in the overlaid switching network shown in Fig. 24E. 
[0247] In another embodiment, the overlaying process is shown to be independent of the 
fanouts of the two networks being combined. For example, the Banyan network shown in Fig. 24A • 
with 4 rows and 8 columns can be overlaid on the balanced RBCCG network shown in Fig. 25 A 
having a diflFerent fanout to the Banyan network. The network having 8 rows and 4 columns and a 
fanout per switching element of 3. Fig. 25B illustrates the resultant overlaid switching network. In 
another embodiment, the balanced RBCCG network shown in Fig. 26A with 4 rows and 5 colmnns 
and fanout per switching element of 2 can be overlaid upon a 5 row, 4 column balanced RBCCG 
network with fanout per switching element of 3 as shown in Fig. 26B, resulting in the overlaid 
switching network of Fig. 26C. In another embodiment, the balanced RBCCG network shown in 
Fig. 27A with 4 rows and 6 columns and fanout per switching element of 3 can be overlaid upon 
a 6 row, 4 column balanced RBCCG network with fanout per switching element of 3 as shown in 
Fig. 27B, resulting in the overlaid switching network of Fig. 27C. In another embodiment, the 
balanced RBCCG network shown in Fig. 28A with 4 rows and 6 columns and fanout per switching 
element of 3 can be overlaid upon a 6 row, 4 column RBCCG network with fanout per switching 
element of 4 as shown in Fig. 28B, resulting in the overlaid switching network of Fig. 28C. 
In another embodiment, the balanced RBCCG network shown in Fig. 29A with 5 rows and 4 
columns and fanout per router of 3 can be overlaid onto the balanced RBCCG network shown in 
Fig. 29B with 3 rows and 6 columns. Depending on the manner the two networks are registered, 
a variety of new switching network designs are possible. Fig. 29C illustrates the resultant overlaid 
switching network when the two networks are centered upon each other. Fig. 29D illustrates an 
alternate resultant overlaid switching network, based upon a different registration. 
[0248] The many embodiments illustrated formed from the process of overlaying two RBCCG 
networks upon each other demonstrate the versatility of overlaying RBCCG networks upon a 
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second RBCCG network. Clearly, unbalanced RBCCG networks could be utilized here for the first 
network, the second network or both networks. It is easy to find an RBCCG network with the 
proscribed height and width, and the selection of fanouts is arbitrary so that it can be selected to 
what suits the desired implementation best. 

[0249] The product of the overlaying process results in switching networks that require more 
ports than either of the constituent switching network designs. However, the advantages gained 
include an overall reduction in latency. In the Banyan network, it requires four hops for traffic 
entering top port 0 of R(0,0) to exit bottom port 1 of R(3,l). In Fig. 24A, there is only one path, 
passing through R(0,0), R(1,0), R(2,0) and R(3,l). In Fig. 24C, there is a new path requiring 
only three hops, passing through R(0,0)j R(1,0) and R(3,l). Though this savings is small, this 
is due to the fact that in this example there are not very many levels. However, looking at the 
RBCCG network in Fig. 24B, it requires eight hops for traffic moving left to right. For example, 
traffic entering left port 0 of R(0,0) to exit right port 1 of R(l,7) must take eight hops, regardless 
of the path chosen. However, in Fig. 24C there is now a path requiring only four hops, passing 
through R(0,0), R(l,5), R(2,6) and R(l,7). This is a significant savings in latency. 
[0250] Another advantage is the addition of fault tolerance. By adding new internal connec- 
tions, the network can tolerate more failures in connections and routers. In the case of the Banyan 
network which has no redundancy, it is clear from the preceding example of traffic entering top 
port 0 of R(0,0) and exiting bottom port 1 of R(3,l) that in the resultant architecture, there are 
more paths made available for that traffic. With more paths available, the architecture also reduces 
blocking, improving efficiency for isochronous traffic. 

[0251] Furthermore, Fig. 30 A and Fig. SOB further illustrat the advantages in improved 
latency and fault tolerance. Fig. 30A highlights the six paths from the two highlighted external 
ports that occinr naturally as part of the IRIC networks flowing firom top to bottom. Fig. SOB 
shows four additional paths which are shorter than the six "natural" paths. These four paths 
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incorporate connections in the ICIC networks. The result is shorter latency options and additional 
paths. The added fault tolerance additionally facilitates the upgradeability of overlaid networks 
without disruption of service. Such upgrade methods are described below. 

[0252] Another advantage is the number of external ports is related to the perimeter of the 
network rather than just the width alone, allowing the designer an extra degree of freedom in 
designing a network. 

[0253] The perpendicular overlaid networks are fairly straightforward for planar designs such 
as those described above. The overlaying procedure can apply to higher dimensions as well. Ad- 
ditional degrees of freedom become available. Fig. 31A, Fig. 31B, and Fig. 31C show three 
orientations of two dimensional multistage switching networks with the interplane interconnection 
networks denoted in gray shading. Just as in the two dimensional overlaying, certain dimensions 
must match. For instance, the height, width and depth of a network must match the width, depth, 
and height of a second network or some other permutation of the three dimensions. There are too 
many degrees of freedom to enumerate all the possibihties here, but essentially two networks can 
be overlaid if there is some orientation for which the dimensions of the two "match." Since there 
axe three orientations available in three dimensional space, two of the three networks could be over^ 
laid as well as all three. As in the planar example, the fanouts of the respective two-dimensional 
multistage switching networks are independent of each other. 

[0254] There are also techniques for generating a higher dimensional multistage interconnec- 
tion network from a plurality of lower dimensional multistage interconnection network. Fig. 32A 
shows a 1-dimensional multistage interconnection network of height, H, width Wi and per switch- 
ing element fanout of Fi being stacked with Ni — 1 identical multistage interconnection networks, 
resulting in an rather uninteresting 2-dimensional multistage interconnection network of height H 
and widths Wi and Ni, and fanouts per switching element of Fi and 1. Fig. 32B shows a stack 
of N2 multistage interconnection networks of height H and width W2, and fanout per switching 
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element of F2. The two can be overlaid if iVx = W2 x F2 and iV2 = W^i x Fi . As shown in Fig. 32C. 
Again as in the preceding examples, the gray areas represent interconnection networks. 
[0255] One detail is necessary to complete the overlay of the networks shown in Fig. 32A 
and Fig. 32B. Fig. 33 A shows a stack of F2 switching elements from the network in Fig. 32 A. 
Fig. 33B shows a stack of Fx switching elements from the network in Fig. 32B. In the overlaid 
result in Fig. 33C, those stacks of switching elements are replaced by a single two-dimensional 
switching element of total fanout of 2F1F2. The actual distribution of the fanouts across can be 
somewhat arbitrary, especially if these are used to construct three-dimensional overlays as described 
above. The important factor is that the data flows along the y-axis. 

[0256] This last technique can be applied to arbitrary dimensions. However, the stacking 
and higher dimensional overlays result in smaller diameter networks for the number of external 
ports significantly reducing latency and increasing fault-tolerance. However, the requirement in 
hardware is also greatly increased, but this allows additional flexibility to the network designer. 
[0257] As suggested by Huang in U.S. Patent No. 5,841,775, modern routing protocols can be 
used to direct signals through the switching networks described above, especially dynamic routing 
protocols such as Open Shortest Path First (OSPF). These protocols enable the switching network 
to automatically adapt to faults in the network, and also to adapt to the changing topology 
of the network, should it be altered. This is an important property when performing upgrades 
by the methods as discussed below. The use of dynamic routing protocols during the upgrade 
process enables these scalable switching networks to be upgraded while in switching operation. In 
addition, the use of such protocols can give the network designer the freedom to derive complex 
routing formula for each potential network design. In particular, these protocols can be used in 
any of the above described network designs. 

[0258] However, the drawback is that most of these dynamic routing protocols are designed to 
operate on ad hoc networks where there is no semblance of regularity, as such are often implemented 
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by using substantial memory and large tables. In contrast, routing in many traditional fixed radix 
networks, particularly the radix two networks, is based on mathematical or algorithmic calculations 
rather than the table lookup techniques. Since many of the fixed radix networks were designed from 
sorting algorithms, many of the routing formulas are based on sorting techniques. For example, a 
.switching element in the third stage can look at the third bit of the destination address and route 
the signal to the right if the bit is set and to the left of the bit is not set. 

[0259] Consider the balanced RBCCG switching network with a stride equal to the fanout, a 
height of H, a width of W switching elements per stage, and a fanout of F comprises a plurality 
if CGISIC networks. Specifically, each CGISIC is generated by the following mapping, bottom 
port s of stage n is connected to top port d of stage n + 1, (recall that according to Fig. 9 these 
port numbers, are numbered from 0 to WF — 1) where d = ^{s mod W)F + (^)^ mod(M^F). 

Traffic can be routed through this balanced RBCCG switching network using the following formula, 

{d- sF^'^) mod W-\-iW , . , . , T./, X , 

p = pH-k-i where p is the port on switcmng element R(fc, $) to which the signal 

should be directed to reach switching element R{H, d) and i can be any integer value for which the 

resultant p makes sense (i.e. 0 < p < F). The division operation in the preceding formula is integer 

division, that is division where the remainder is discarded. The power of this formula lies in that 

each switching element, knowing its location within the switching network and the destination of 

the signal, can decide which output port it must route the signal to without the need for tables or 

information from other switching elements. 

[0260] The following is an example of an application of this routing algorithm. Depicted in 
Fig. 34 is a 24-port RBCCG switching network, To traverse from port S to port £>, the signal 
must be routed between R(0,1) to R(3,2). At router R(0,1), the routing formula yields a solution 
for p of either 0, 1, or 2 meaning that the signal could be routed through any of the output ports, 
all of which are equally valid. If the signal is routed through port 0, it arrives at R(l,3), according 
to the routing formula to route from R(l,3) to R(3,2) yields only one possible value for p that of 
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1, so the signal must be routed through output port 1 to R(2,2). To route from R(2,2) the routing 
formula from R(2,2) to R(3,2) yields only the value of p = 0 so the signal must be routed through 
output port 0 to R(3,2) where it is finally conveyed through output port 2 to destination D, 
[0261] In some instances of applying the routing formula, several solutions for the output 
port can result. In such situations, a routing algorithm is free to select any solutions and allow the 
switching element in the next stage to carry out the next calculation. Though Fig. 34 describes 
one path from S to D, there are in fact five paths, which derive from the different choices of when 
multiple solutions exist. The first path as described above has the signal passed from S to R(0,1) 
where it traverses through output port 0 to R(l,3) where it traverses through output port 1 to 
R(2,2) where it traverses through output port 0 to R(3,2) where it is finally conveyed through 
output port 2 to destination D, 

[0262] A second path has the signal traverses through output port 1 to R(1,0) where it 
traverses through output port 0 to R(2,0) where it traverses through output port 2 to R(3,2) 
where it is finally conveyed through output port 2 to destination D 

[0263] A third path has the signal passed from S to R(0,1) where, like in the second path, 
it traverses through output port 1 to R(1,0) where, unlike the second path, it traverses through 
output port 2 to R(2,2) where it traverses through output port 0 to R(3,2) where it is finally 
conveyed through output port 2 to destination D. 

[0264] A foiu-th path has the signal passed from S to R(0,1) where it traverses through output 
port 2 to R(l,l) where it traverses through output port 1 to R(2,0) where it traverses through 
output port 2 to R(3,2) where it is finally conveyed through output port 2 to destination D. 
[0265] A fifth path has the signal passed from S to R(0,1) where like in the fourth path, it 
traverses through output port 2 to R(l,l) where unlike in the fourth path, it traverses through 
output port 0 to R(2,3) where it traverses through output port 1 to R(3,2) where it is finally 
conveyed through output port 2 to destination D, 
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[0266] This gives an alternative routing technique for the RBCCG switching networks, allow- 
ing these switching networks to be used in applications where the switches are constrained to simple 
logic. In addition, this formula can be used as part of a formulaic routings algorithm for the hybrid 
architectures mentioned above. Additionally, since the interconnection mappings of the Cartesian 
product networks axe separable (that is, they are independent in the various Xi directions), this 
routing formula can be used to route based on each component of the address. For example, if the 
Xi direction shows a Banyan intercoimection pattern, and the X2 direction is a RBCCG switching 
network, a Banyan fprmula can be used to calculate the Xi component, pi, of output port based 
on the Xi component of the destination address. The routing formula given above for the RBCCG 
switching network can be given be used to determine which the X2 component, of output port 
based on the X2 component of the destination address, thereby yielding a resultant output port 
of (P1jP2)- This formula can also be used in various combinations to route in any of the overlaid 
networks where one of the networks overlaid is an RBCCG switching network. 
[0267] In any of the preceding architectures, if a dynamic routing algorithm as used by proto- 
cols, such as Routing Information Protocol (RIP), OSPF, Exterior Gateways Protocol (EGP), and 
Border Gateway Protocol (BGP) is employed, the redundancy of the networks can be exploited to 
provide fault tolerance. Once a fault is detected through non-response, perhaps using a network 
management protocol such as Simple Network Management Protocol (SNMP), the dynamic rout- 
ing algorithm can remove the entry from its routing tables and all traffic can be routed around the . 
defective switching element or connection. When the defective switching element or connection is 
repaired, the repair can be detected, perhaps through the same network management protocol, and 
the dynamic routing algorithm can reintroduce the formerly defective elements bax;k to its routing 
table and traffic can resume through the formerly defective element(s). 

[0268] Having path redundancy, detecting faults and the ability to dynamically route traffic 
leads to automatic fault tolerance. For example, Fig. 35A depicts a 30-port balanced RBCCG 
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switching network with five paths (shown in bold) from port S to port D. With dynamic routing 
described above, switching element R(0,2) would determine three paths out of switching element 
R(0,2), and depending on the routing algorithm, any one of those three paths can be taken. 
Depending on which path is taken, the corresponding switching element in stage 1 detects the 
remaining paths available to port D. For example, if the traffic gets routed by switching element 
R(0,2) to switching element R(l,3) two paths are available, so switching element R(l,3) can select 
either path, 

[0269] Suppose a breakdown occurs in switching element R(l,3) which is denoted by a hatched 
switching element in Fig. 35B. The neighboring switching elements R(0,1), R(0,2) and R(0,4) in 
stage 0, as well as switching elements R(2,0), R(2,l) and R(2,4) in stage 2, can become aware of 
the breakdown of switching element R(l,3) through a network management protocol. Once these 
switching elements remove R(l,3) from their own routing tables, the rest of the switching elements 
in the switching network become aware of the brealcdown through the use of a dynamic routing 
protocol, which exchanges routing information with its neighbors. Using the example of Fig. 35B, 
there are now three paths (shown in bold) available from port S to port D. With the new updated 
routing information, switching element R(0,2) recognizes only two paths out of switching element 
R(0,2) that can reach port D. 

[0270] The difficulty arises when the fault occurs in a switching element at the perimeter of 
the switching network. For instance, in Fig. 35A, if switching element R(0,2) fails, no traffic can 
flow in from port S regardless of where the traffic is intended. - Many embodiments of switching 
elements comprise a plurality of line cards which could fail individually. In other circumstances the 
switching elements themselves could fail. Huang suggests in U.S. Patent No. 5,841,775 as depicted 
in Fig. 36 the use of a multiplexer 4502 and demultiplexer 4504 to distribute the traffic across 
multiple switching elements at the perimeter of the switching network. In another embodiment, 
access routers could be used in place of the multiplexers and demultiplexers which provide for a 
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more responsive system to the occurrence of a fault. However, this merely pushes the single point 
of failure from the switching elements at the perimeter of the switching network to the access 
routers. 

[0271] Another approach is the method described by Kumar in the background section, where 
an extra stage is added and can selectively be activated and deactivated. Though this approach 
can remedy the problems of faults encountered at perimeter switching elements, the deactivation 
of an entire stage when only one faulty switching element is detected leaves a number of fully 
functional switching elements completely inactive. 

[0272] Fig. 37 depicts a specially adapted switching element, comprising a central switching 
element 5010 and a switch pair 5000 through which a bypass is provided for each top port and 
bottom port. In some embodiments, this switch pair is a multiplexer-demultiplexer pair. In other, 
embodiments, they could be "dead man switches" commonly used in optical networking. The dead 
man switches remain in a state which directs traffic to the central switching element, but when 
no signal such as a conventional "keep alive signal" is detected, the dead man switch switches to 
direct traffic to bypass the central switching element. These switches are known in the art and have 
been used for hot standbys in telecommunications for years. In one embodiment of the switching 
element, the switch pairs could be incorporated physically into a switching element. For example, 
a router could have Une cards equipped with two ports, whereby traffic can bypass the router and 
flow between the two ports on the line card in the event of some failure on the part of the router. 
[0273] Fig. 38A depicts the same 30-port RBCCG switching network as that of Fig. 35A 
except in the first and last stages, i.e. stage 0 and stage 3 in this example, the switching elements 
are the specially adapted switching elements of Fig. 37. Again, the five paths from port S to port 
D are highlighted in bold. 

[0274] Fig. 38B illustrates the situation if switching element R(0,2), denoted with crosshatch- 
ing, fails. Traffic from top port 0 of switching element R(0,2) is automatically diverted out of 

53 



bottom port 0 of switching element R(0,2) without passing through the central switching element 
within switching element R(0,2) and hence to top port 1 of switching element R(l,l). This leaves 
two remaining paths for the traffic to reach port D. With the specially adapted switching elements 
of Fig. 37, fault tolerance of a switching network to the failures of switching elements extends to 
all switching elements within the switching network. 

[0275] This approach diflFers significantly from the extra stages used by Kumar, in that each 
switching element functions independently of any other switching element regarding the bypass 
capability, so that all switching elements not involved in a failure continue to relay traffic. Once a 
failure occurs in the system described by Kumar, the entire stage is bypassed, leaving any remaining 
switching element in the stage inactive even if it is still functioning. 

[0276] Thus fax, a variety of scalable switching networks have been described and methods of 
routing within these scalable switching networks and exploiting fault tolerance have been disclosed. 
The fault tolerance enables a dynamic upgrade to be performed while a scalable switching network 
is in operation. 

[0277] When a multistage switching network such as a Banyan or crossover network is ex- 
panded, a new stage must be added as well as a doubling of its width. Adding a new stage requires 
that half of the external connections be disconnected in the process. This leads to an interruption 
in service. 

[0278] A crossover network 6010 is shown in Fig. 39 with top ports 6012 connected to external 
connections 6014 and bottom ports 6016 connected to external connections 6018. A duplicate of 
this network 6020 with top ports 6022 and bottom ports 6024. A new stage 6026 with top ports 6028 
and bottom ports 6030 are also shown. 

[0279] In order to double number of external connections of the crossover network 6010, the 
connections between the top ports 6012 and external connections 6014 have to be broken and 
connected to the left half of new stage bottom ports 6030, and the external connections 6014 have 
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to be connected to the left half of new stage top ports 6028. To complete the upgrade, the duplicate 
network top ports 6022 are connected to the right half of new stage bottom ports 6030. At this 
point, duplicate network bottom ports 6024 and right half of new stage top ports 6028 would be 
available for new external connections. 

[0280] The problem is that the connections between the original network top ports 6012 and 
external connections 6014 have to be disconnected in the process. This leads to an interruption in 
service. 

[0281] As indicated above, in order for a crossover network or other radix two network to 
be upgradeable by adding an extra stage, it must simultaneously be expanded by width. Though 
many multistage switching networks are defined as radix two, many of those networks, such as 
the Banyan and delta networks, have a generalized radix architecture leading to arbitrary fanouts. 
This leads to the question as to whether or how one would upgrade from one radix to another. For 
example, can a 16-port binary Banyan network such as the one depicted in Fig, lA.be upgraded to 
the 54-port trinary Banyan network depicted in Fig. IC by increasing the fanout of the switching 
elements from two to three, since both networks have the same number of stages? 
[0282] There is no known investigation of the process of upgrading the fanout of Banyan 
networks. There are two likely reasons why such an upgrade path is undesirable. First, most 
implementations of switching networks using the Banyan architecture employ specific binary sorting 
algorithms to route trgdfic. Second, an upgrade of an n-stage 2""*"^-port binary network to an n- 
stage 2 X 3'^-port trinary network or n-stage 2 x 4'^-port quaternary network would entail an 
exponential growth in the number of ports required. For example, the 3-stage networks discussed 
above would involve an upgrade from a 16-port binary network to a 54-port trinary network to 
possibly the 128-port quaternary network. For a 4-stage network, this upgrade path would progress 
from a 32-port binary network to a 162-port trinary network to a 512-port quaternary network. For 
a 5-stage network, this upgrade path would progress firom a 64-port binary network to a 486-port 
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trinary network to an astronomical 2048-port quaternary network. Given that these are among the 
smallest upgrade scenarios, it is likely there would be Uttle need for such upgrades. However, with 
the methods disclosed below and in prior U.S. Patent Application Serial No. 10/075,086, such an 
upgrade can be performed if desired. 

[0283] There are many processes involving redundant multistage networks which require the 
rewiring of ISIC networks, including but not limited to upgrades (width, stage, fanout, and com- 
bination of these), downgrade (i.e. the reverse process of upgrades), and reconfiguration between 
architectures. With suitable redundancy, these processes can be performed without interruption 
of service and with minimal degradation of service during the upgrade/reconfiguration process. 
Rather than cite all occurrences of upgrade with the compound expression upgrade/reconfiguration 
the term upgrade and reconfiguration are used interchangeably. It should be understood that either 
term should be construed to include any combination of upgrading, downgrading and reconfiguring 
of a scalable switching network. 

[0284] It should be noted that the use of a dynamic routing protocol such as those men- 
tioned above, along with a network management protocol which can detect failures, can enable 
the reconfiguration procedures to be performed on switching networks with sufficient redundancy 
without loss of functional connectivity. In a practical setting, an upgrade or reconfiguration can be 
performed in a contemplative and deliberate manner, rather than rushing to perform and upgrade 
during a limited scheduled maintenance window. 

[0285] As a prerequisite to the reconfiguration process, it is often useful to have a post- 
reconfiguration switching network design, also referred to as a post-reconfiguration architecture, 
already derived so that during the reconfiguration process, the implementer of the process is aware 
of where each port is connected to in the pre-reconfiguration switching network and the post- 
reconfiguration switching network. In the event that the reconfiguration involves the removal of a 
stage, an intermediate reconfiguration switching network design, also referred to as an intermediate 
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reconfiguration architecture, should also be derived. The intermediate reconfiguration architecture 
is best described by working backwards from the post-reconfiguration architecture and "splicing 
in" the stage that is being removed with the splicing process is set forth below. In the description 
of the reconfiguration process, whenever the post-reconfiguration switching network is mentioned, 
it should be construed to also include the intermediate reconfiguration network unless expUcitly 
excluded. 

[0286] Furthermore, when discussing connectivity in the post-reconfiguration switching net- 
work (or the intermediate reconfiguration network depending on context), it is useful to refer 
to a given port's corresponding port as the port to which the given port is connected to in the 
post-reconfiguration switching network. That is, a bottom port's corresponding port is the top 
port which connects to that bottom port in the post-reconfiguration switching network. Simi- 
larly, a top port's corresponding port is the bottom port which connects to that top port in the 
post-reconfiguration switching network. 

[0287] Though the following embodiment depicts the process in a certain order, many of the 
steps can be interchanged in order. Fig. 40 depicts the overall reconfiguration process. The 
process begins by determining at step 6102 whether there are any of the external ports that are 
to be removed during the reconfiguration process; if so, they are deactivated and disconnected at 
step 6104. These "downgraded" external ports, for example, can be coupled to switching elements 
which are being removed, or they can be removed as part of a fanout downgrade. 
[0288] For example, Fig. 41 shows a balanced RBCCG switching network being downgraded 
from a width of 5 switching elements per stage to 4 switching elements per stage. Colmnn 6130 
is the column of switching elements to be removed. External connections 6132 and 6134 therefore 
must be disconnected firom their external connections as dictated by this step. 
[0289] After all the downgraded external ports have been deactivated and disconnected, add 
new hardware is added at step 6106. It is not necessary to all new hardware at this point in the 
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process and certainly hardware can be added as it is used. From the logical point of view, all 
hardware should be recognized as for where it is to be added in the post-reconfiguration switching 
network, that is, if the width is being upgraded, each switching element should be designated a 
position within each stage, or if the fanout is being downgraded which port is being ultimately 
removed should be designated. In one embodiment of the process, as soon as hardware is added 
to the switching network, it is activated so that traffic can be relayed by the new hardware even 
during the reconfiguration process. 

[0290] For example, Fig. 42A represents a 4 stage balanced RBCCG switching network that 
is to be upgraded from a width of 4 switching elements per stage to a width of 5. In accordance 
with this step, the hatched switching elements are inserted as shown in Fig. 42B. The post- 
reconfiguration switching network is shown in Fig. 42C. 

[0291] Returning to Fig. 40, at step 6108 and step 6110, the optional step of pre-connecting 
unused ports is performed. At step 6108, a determination is made as to whether any of the 
unused ports can be connected to another unused port, that is, whether a port is unused as well 
as its corresponding port. Though optional, the pre-connection of these ports improves the path 
redundancy of the switching network, leading to better switching service during the reconfiguration 
process. The pre-connection step is described in greater detail below. Furthermore to bolster fault 
tolerance, one embodiment of this step connects an unused port to any other unused port. 
[0292] At step 6112 and step 6114, any new stages that are added are spliced in. The splicing 
step is described in greater detail below. 

[0293] At step 6116, all the ISIC networks are reconfigured, that is, they are rewired in 
accordance with the post-reconfiguration switching network or the intermediate reconfiguration 
switching network if the reconfiguration process involves a stage removal. During the rewiring step 
connections are described a broken, but in actuaUty it can be necessary to divert traffic away firom 
the ports coupled to the connection. Often, the ports coupled to the connection can be shutdown 
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or stopped. While decoupled from one port the connection can be moved to another port leaving 
the other end of the connection coupled to another port though the stage of the connection is that 
of being disconnected. Regardless the the physical requirements, the rewiring process at the high 
level is described in terms of breaking connections and estabhshing connections. Additional steps 
are given at a lower level description of the process. 

[0294] At step 6118 and step 6120, any stages that need to be removed are "spliced out." 
This operates in the reverse fashion as the splicing step described above. 

[0295] At step 6122, all unused hardware can be removed. Regardless of physical removal, 
the unused hardware can no longer operate with the switching network. 

[0296] At step 6124 and step 6126, any new external ports created through the reconfiguration 
process can be coupled to external connections and traffic is permitted to flow through them. 
[0297] It should be noted that equivalences exist in the detail embodiments of reconfiguration 
process set forth below. For example, the mirror image of a network could be used or an upside 
down version, or other spatial transformation, rendering the. choice of top or bottom, left or right 
somewhat arbitrary. For clarity in the embodiments below, a direction is selected so that the 
embodiments of the process can be demonstrated in detail. 

[0298] Fig. 43 illustrates in detail the pre-connection step. At step 6152, a determination is 
made as to whether all bottom ports have been examined. At step 6154, a bottom port bport is 
selected according to an ordering. If bport is not connected to anything as determined at step 6156 
and if bport's corresponding port is not connected to anything as determined at step 6158, bport is 
connected to its corresponding port in step 6160. Basically, this process selects a bottom port (or 
equivalently a top port), and it determines whether a connection can be made without breaking 
an existing connection. If so, that connection is made, then the process repeats until every bottom 
port has been examined. A common method of ordering the bottom ports is a raster scan order, 
where the bottom ports of the stages from top to bottom are examined, and from left to right 
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within each stage. Though raster scan order is given as an example, the order of examination is 
arbitrary. 

[0299] For example, in the upgrade described above where a switching network shown in 
Fig. 42A is upgraded to the post-reconfiguration switching network shown in Fig. 42C. It can 
be determined that bottom port 6140 and its corresponding port 6142 are both unused; therefore, 
they can be connected without any negative impact on the switching network. It can also be 
determined that top port 6146 and its corresponding port 6144 are both imused; therefore, they 
can also be connected without any negative impact on the switching network. It should also be 
noted that no such determinations can be made between stage 0 and stage 1. 

[0300] Fig. 44 illustrates in detail the splicing step. At step 6162, the location of the splice is 
selected and the stage above the splice location is labeled upper_stage. In Fig. 45A, two stages of 
a multistage switching network 6200 with a collection of pre-connected switching elements 6202 are 
prepared for splicing into switching network 6200, whereby stage 6208 is the stage to be spliced. 
The spUcing location is indicated at 6206, and stage 6204 is designated as upper jstage. 

[0301] At step 6164, the top stage and bottom stage of the new switching elements are identi- 
fied as topJnsertedjstage and bottomJnserted_stage. In the example in Fig. 45 A, only one extra 
stage is added, so topunsertedjstage and bottomunsertedjstage are identified with stage 6208. In 
a second example in Fig. 45 C, a two stage switching network 6222 is spliced into switching net- 
work 6220 at the position indicated by 6224. Stage 6226 is designated as the upperjstage. In this 
example, stage 6228 is designated as the top_inserted_stage and stage 6230 is designated as the 
bottom_inserted-stage. 

[0302] At step 6166, the bottom ports of upper_stage are each spliced in, and the splicing 
process is repeated until all bottom ports of the upperjstage are spliced. The order of operation is 
arbitrary, but can include splicing the bottom ports from left to right. 
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[0303] At step 6168, the bottom port being spliced is labeled bport and is disconnected, and 
at step 6170, the top port that bport is connected to is labeled tport. For the splicing process, it 
is useful to define the splice index of a port as its position in the stage. For example, port 2 of 
switching element 1 where the switching elements have a fsmout of 3 has a splice index of 4. 
[0304] At step 6172, a determination is made as to whether the top port in top_inserted^tage 
with the same splice index as bport is connected (possibly from the pre-connection step). If it is 
not, that top port is connected to bport in step 6176. 

[0305] A determination is made as to whether the bottom port in bottom Jnserted-stage with 
the same splice index as bport is connected (possibly from the pre-connection step) at step 6178. 
If it is not, that bottom port is connected to tport in step 6180. 

[0306] These steps axe repeated until all bottom ports of upperjstage are spliced in. Fig. 45B 
shows the result of the completed splicing step. It should be noted that bottom ports 6212 and 6214 
are not connected because port 6212 would have been connected to top port 0 of switching element 
0 of stage 6208, which was connected previously in the pre-connection step. Likewise, port 6214 
would have been connected, to top port 2 of switching element 2 of stage 6208 which was connected 
previously in the pre-connection step. In addition, top ports 6216 and 6218 axe not connected, 
because top port 6216 would have been connected to bottom port 1 of switching element 1 of stage 
6208, and top port 6218 would have been connected to bottom port 1 of switching element 3 of 
stage 6208, but both bottom ports were connected previously in the pre-connection step. 
[0307] Fig. 45D shows the result of the complete splicing step into switching network 6220. 
In contrast, the result of this splicing is that all bottom ports in upperjstage are connected. 
[0308] The rewiring step which reconfigures all the ISIC networks to the post-reconfiguration 
architecture can be the most elaborate step in the reconfiguration process. There are many specific 
embodiments, some of which are disclosed here. Fig. 48A is a flow chart that diagrams the basic 
algorithm. At step 6352, a determination is made as to whether there are any ports not connected 
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to their corresponding port; if none are found the rewiring step is complete. If there are such 
ports, one is selected at step 6354, and optionally, ports belonging to the ISIC network to which 
the selected port belong can be relabeled. In this context, a port belonging to the ISIC network 
to which a given port belongs means that if a given port is a bottom port, then all ports that are 
bottom ports of the same stage as the given port belong to the ISIC network; furthermore, all top 
ports of the stage below the stage to which the given port belongs also belong to the ISIC network. 
Similarly, if a given port is a top port, then all ports that are top ports of the same stage as the 
given port belong to the ISIC network; furthermore, all bottom ports of the stage above the stage 
to which the given port belongs also belong to the ISIC network. The relabeling step is described 
in detail below. In principle, the incremental substeps of the relabeling step can be interspersed 
with the incremental substeps of the remaining rewiring process. If no relabeUng is performed, a 
determination is made at step 6360 as to whether the selected port is already connected; if so, it 
is disconnected in step 6362. Subsequently at step 6364, a determination is made as to whether 
the selected port's corresponding port is connected; if so, the corresponding port is disconnected 
at step 6366. Finally, the selected port is connected to its corresponding port, in effect rewiring 
the selected port. The process then repeats, until all ports are connected to their corresponding 
port. Fig. 48 A details this rewiring process. 

[0309] The selection of the port at each iteration can be accomplished by a variety of meth- 
ods. For example, before the rewiring step, a list of all ports that are not connected to their 
corresponding port can be made, and the port selection follows that Ust by checking ports off as 
they are connected to their corresponding port. 

[0310] Fig. 48B breaks the process into a stage by stage rewiring. There is an index variable 
used to count the stages called rindex, which is initialized to zero at step 6402. At step 6404, a 
stage is selected by the function stagejselect to be the current stage being rewired. Optionally, 
the ISIC network below the current stage is relabeled as set forth below. Next, at step 6408, the 
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current port is selected by the function port_select. Typically the portjselect function selects a 
bottom port of the current stage or a top port of the stage below the current stage. At step 6410, 
a determination is made as to whether there are any more bottom ports in the current stage or top 
ports in the stage below to select. If not, the rewiring step jumps ahead to step 6422. Otherwise, 
a determination is made at step 6412 as to whether the selected port is connected. If so, it is 
disconnected in step 6414. At step 6416, a determination is made as to whether the selected port's 
corresponding port is connected. If so, the corresponding port is disconnected at step 6418. At 
step 6420, the selected port is connected to its corresponding port. The process then repeats by 
returning to step 6404 until there are no more ports to be selected according to 6410. In this case, 
at step 6422, the rindex variable is incremented and the process repeats for another stage until all 
the stages have been selected as determined in step 6424. Since each iteration on rindex represents 
the rewiring between the cmrrent stage and the stage below the current stage, the bottom most 
stage is never selected and the rindex variable never exceeds num_stages-l. 

[0311] The relabeling substep within the rewiring step logically rewires a switching element 
rather than physically rewiring a switching element when conditions permit. For example, if 
bottom port 0 of a switching element is supposed to be connected to another switching element in 
the stage below, but bottom port 1 actually is connected to that switching element, it would be 
convenient to swap the two ports. Since the port numbering is performed logically, renumbering 
can be performed logically. 

[0312] For example. Fig. 47A shows a switching element 6302 having switching logic 6304, 
and connected to switching elements 6306, 6308 and 6310. The logical port numbers are indicated 
at 6312. In Fig. 47B, the switching logic is reconfigured. For example, switching logic 6314 now 
reverses bottom port 0 and bottom port 1. Switching logic 6316 permutes all three bottom ports 
to the numbering indicated. By reconfiguring switching element 6302 to switching logic 6314, the 
logical connectivity of the four switching elements depicted in Fig. 47A becomes that depicted in 
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Fig. 47C. Similarly, reconfiguring switching element 6302 to switching logic 6316 yields a logical 
connectivity as depicted in Fig. 47D. 

[0313] This example illustrates the method of implementing a logical relabeling. Fig. 46 is a 
flowchart describing how it can be employed in relabeUng the ports attached to an ISIC network. 
The relabeling step described in Fig. 46 applies only to a single ISIC network which is given by 
the stage attached directly above the ISIC network. At step 6252, bport is set to the leftmost 
bottom port of the stage. At step 6254, the source switching element is defined to be the switching 
element to which bport is attached. At step 6256, the destination switching element is defined to 
be the switching element to which bport is connected to, if connected at all. If bport is supposed 
to be connected to the destination switching element, i.e., its corresponding port belongs to the 
destination switching element as determined in step 6258, then no relabeling is performed, thereby 
ending this iteration. Otherwise, if any port on the sources switching network is supposed to 
be connected to the destination switching element as determined in step 6260, then that port is 
logically swapped with bport. At step 6264, the iteration ends and repeats by setting bport to the 
bottom port right of the old bport value at step 6266 unless bport is determined at step 6264 to 
be the rightmost bottom port of the stage. This concludes the first phase of the relabehng step. 
The second phase begins at step 6268, where tport is set to the rightmost top port of the stage 
below the one given to the relabeling method (call it the subsequent stage as a shorthand). At step 
6170, the source switching element is set to be the switching element tport belongs to. At step 
6172, the destination port is set to be the port tport is connected to. It should be noted here that 
the first phase insures that the bottom ports axe connected to the correct switching element in the 
subsequent stage. Now, the objective is to insure the correct top port on the subsequent stage is 
connected. to the correct port, i.e., its corresponding port. At 6274, a determination is made as 
to whether tport is supposed to be connected to its destination port, i.e., the destination port is 
tport's corresponding port. If so, that ends this iteration at step 6280. Otherwise, a determination 
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is made as to whether any port on the source switching element has a corresponding port matching 
the destination port at step 6276. If so,that port is logically swapped with tport at step 6278. The 
iteration ends at 6280, and repeats by setting tport to the top port left of the old tport vaJue at 
step 6282 unless tport is determined at step 6280 to be the leftmost bottom port of the subsequent 
stage, in which case the relabeling phase for the stage is complete. 

[0314] It should be noted that though scanning bottom ports from left to right and top ports 
from right to left is used in Fig, 46, the ordering is arbitrary. Linear scanning such as left to right 
and vice versa are simpler to implement in software. 

[0315] As described above, the embodiment of the rewiring step depicted in Fig. 48B requires 
two subroutines stage_select and port jselect. The purpose of the stage_select subroutine is to offer 
an order of rewiring the ISIC networks. By convention, the term rewiring a stage actually refers to 
rewiring the ISIC network coupled directly below the stage, rather than specifying an ISIC network 
by referring to it as the ISIC network located between stage n and stage n + 1. The purpose of the 
port jselect subroutine is to select a port "within the ISIC network," that is more precisely to select 
from either the bottom ports of the selected stage or from the top ports of the stage immediately 
below the selected stage. Fig. 49A and Fig. 49B describe two embodiments of the stage-select 
subroutine. In Pig. 49A, the stages are selected according to their index, so the ISIC networks are 
rewired from top to bottom. In Fig. 49B, the stages are selected with the middlemost stage first, 
then alternating above and below the middlemost stage, progressively selecting a stage farther and 
farther away from the middlemost stage, until all stages are described. The latter generally exhibits 
better redundancy throughout the rewiring process. Many other embodiments of stage-selection 
can be employed as well. 

[0316] There are an arbitrary number of port-select subroutines. Set forth here are three 
exemplars. Fig. 50A depicts one exemplary embodiment of the portjselect subroutines. First, at 
step 6502, a determination is made as to whether there are any ports that are not connected. If 

65 



none exist, the subroutine jumps to step 6530. At step 6504, a scanning order of all disconnected 
ports is established, for example, lexicographical ordering with top port before bottom port and 
left port before right port. The iteration is initialized in step 6506 by setting the test port to 
the first port in this ordering that is not connected. At step 6508, a determination is made as to 
whether the test port's corresponding port is connected; if not, the test port is selected in step 
6510, ending the subroutine. Otherwise, the testing repeats for the next test port. If there are 
ports to be scanned as determined by 6512, the next port is selected in the scanning order that is 
not connected to its corresponding port in step 6514. If the there are no more ports to be scanned, 
the scan order is reset at 6516 by setting the test port to the first port in the scanning order that 
is not connected. At step 6518, a determination is made as to whether switching element to which 
the test port's corresponding port belongs already has a like port disconnected; that is, if test port 
is a bottom port, is there another bottom port disconnected, and likewise if test port is a top port. 
If not, then the test port is selected in step 6520 and the subroutine ends. Otherwise, the testing 
repeats for the next test port. If there are ports to be scanned as determined by 6522, the next 
port is selected in the scanning order that is not connected to its corresponding port in step 6524. 
If the there are no more ports to be scanned, then the first disconnected port in the scanning order 
is selected, and the subroutine ends. At step 6530, a determination is made as to whether there is 
a port not connected to its corresponding port. If so, the first one in the scanning order is selected 
at step 6532, and the subroutine ends. If not, there are no ports in need of rewiring, and the 
subroutine indicates that in step 6534. 

[0317] Fig. SOB depicts a simpler embodiment of the port-select subroutine. At step 6552, 
a determination is made as to whether there was a bottom port disconnected in the previous 
call to the subroutine (if there was one(. If there was, at step 6554, the disconnected port is 
selected and possibly a new bottom port is disconnected as a result of rewiring the selected port. 
That disconnected port can be saved for the next call to the subroutine. If no bottom port was 
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previously disconnected, or if this is the first call to the subroutine, a scanning order of bottom 
ports is established at step 6556. At step 6558, the test port is set to the first port in the scanning 
order. If the test port is not connected to its corresponding port, the test port is selected, and any 
bottom port that is disconnected as a result of the rewiring of the selected port is saved for the 
next call; otherwise, the iteration continues if at step 6560 it is determined that there is another 
port in the scanning order. If not, the subroutine ends at 6562, with the notification that there are 
no ports requiring rewiring. Otherwise, the iteration repeats by setting the test port to the next 
port in the scanning order. 

[0318] Fig. 50C depicts an elaborate embodiment of the port-select subroutine. In this 
embodiment, a first-in fu:st-out (FIFO) queue is used. At step 6602, the FIFO is retrieved from 
possible previous calls to the subroutine. At step 6604, the FIFO is checked if it is empty. If it 
is empty, it is reloaded at step 6606 with all the ports that are disconnected. At step 6608, the 
FIFO is checked again. If it is still empty, a determination is made at step 6612 to determine if 
there is a port not connected to its corresponding port. If not, no ports require rewiring, and the 
subroutine issues a notification at step 6614. If there is a port not connected to its corresponding 
port, that port is selected at step 6616 and the subroutine ends. If the FIFO is not found to be 
empty at either 6604 or 6608, the port at the top of the FIFO is selected at step 6610. The top 
entry of the FIFO is removed at step 6618, and the subroutine ends. 

[0319] As described above, the imsplicing or "splicing out" step is essentially the reverse of 
the splicing. This step is only used if there axe tmwanted stages that need to be downgraded 
out of the switching network. When this is the case, all the preceding steps employ the interme- 
diate reconfiguration architecture as a guide for determining topological quantities, such as the 
corresponding ports, rather than the post-reconfiguration architecture. 

[0320] Fig. 51 A depicts a 30-port 5 stage balanced RBCCG switching network slated to be 
downgraded to a 24-port 4 stage balanced RBCCG switching network by removing the switching 
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elements maxked with hatching. Careful calculations show that Fig. 51B represents the inter- 
mediate reconfiguration switching network. This was determined essentially by taking the true 
post-reconfiguration architecture (not the intermediate one) and spUcing in the switching elements 
that are being removed. Basically, this is derived firom reversing the upgrade process. 
[0321] The unsplicing operation is described as follows, if a proper intermediate reconfigu- 
ration switching network is derived. The top ports of the upper most stage being unspliced are 
iterated through perhaps using a left to right ordering. The matching bottom ports of the lower 
most stage being unspliced are also identified. If both top port i of the upper most stage and 
bottom port i of the lower most stage are both connected, both connections are broken and the 
bottom port to which top port i of the upper most stage is connected and the top port to which 
bottom port i of the lower most stage is connected should be connected together. If either top 
port i of the upper most stage or bottom port i of the lower most stage are not connected, the 
unsplicing for that i can be skipped. In this embodiment, the value of i runs through all values 
from 0 to W X F — 1, The result of the unspUcing is shown in Fig. 51C. 

[0322] The following three examples apply the reconfiguration process set forth above to the 
three basic modes of upgrading a multistage switching network: a stage or row upgrade, a width 
upgrade, and a fanout upgrade. 

[0323] The first example is that of a stage upgrade, whereby an extra stage is added to a 
multistage switching network. Fig. 52A shows a pre-reconfiguration switching network, which is 
a 24-port 4 stage balanced RBCCG switching network with ISIC networks, 6552, 6554, and 6556. 
They are identical, but 6554 is drawn in an elongated manner for clarity when indicating where 
the new stage of switching elements is to be inserted. There are no external ports that need to 
be deactivated. There are no pre-connections that can be performed. The result of the network 
after the splicing step is shown in Fig. 52B, where ISIC network 6654 is systematically broken 
and reformed into new ISIC networks 6672 and 6676 in order to insert new stage 6674. After 
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the rewiring step, the switching network matches its post-reconfiguration architecture as shown in 
Fig. 52C, where ISIC network 6672 is rewired to ISIC network 6680. The result is a 24-port 5 
stage balanced RBCCG switching network. A stage upgrade process was also set forth in prior 
application, U.S. Patent Application Serial No. 09/897,263. 

[0324] The next example is that of a width upgrade. Fig. 53 A shows, a pre-reconfiguration 
switching network of a 24-port 4 stage balanced RBCCG network with ISIC networks, 6702, 6704, 
and 6706. Through the process set forth above, the switching network is transformed into the wider 
post-reconfiguration 30-port 4 stage balanced RBCCG switching network depicted in Fig. 53B, 
where new switching elements 6718 are added and ISIC networks 6702, 6704, and 6706 are recon- 
figured into ISIC networks 6712, 6714, and 6716, respectively. A width upgrade process is also set 
forth in prior apphcation, U.S. Patent AppUcation Serial No.10/074,174. 

[0325] The next example is that of a fanout upgrade. Fig. 54A shows a pre-reconfiguration 
switching network of a 30-port 5 stage balanced RBCCG network with a per switching element 
fanout of 3. It comprises ISIC networks 6722, 6724, and 6726. Through the process set forth 
above, the switching network is transformed into the post-reconfiguration 40-port 4 stage balanced 
RBCCG switching network with a per switching element fanout of 4 depicted in Fig. 54B where 
ISIC networks 6722, 6724 and 6726 are reconfigured into ISIC networks 6732, 6734, and 6736, 
respectively. A fanout upgrade process is also set forth in prior application, U.S. Patent Application 
Serial No. 10/075,086 

[0326] The preceding examples were not given in very much detail. The forthcoming examples 
are presented in a high degree of detail to demonstrate the intricacies of the reconfiguration process 
set forth above. The next five examples represent common scenarios for architectural changes 
beyond the simple stage, width or fanout upgrades described above. The portjselect subroutine 
depicted in Fig. 50C is employed in the first four examples. 

69 



[0327] Fig. 55 shows a 24-port 4 stage pre-reconfiguration balanced RBCCG multistage 
switching network 7000 and additional switching elements 7001 to be added. Let switching elements 
R{N*) represents the stage to be added. The switching elements R(*,4) represent a column to be 
added. Since this is an upgrade, there are no external ports that need to be disconnected. Fig. 56 
shows the 30-port 5 stage post-reconfiguration balanced RBCCG multistage switching network. 
[0328] Proceeding to the pre-connection step, according to the post-reconfiguration architec- 
ture shown in Fig. 56, the following connections can be established without disrupting existing 
connections: bottom port 2 of switching element R(0,4) to top port 2 of switching element R(l,4); 
bottom port 2 of switching element R(l,4) to top port 2 of switching element R(iV,4); bottom 
port 1 of switching element R(l,4) to top port 2 of switching element R(A^,3); bottom port 0 of 
switching element R(l,4) to top port 2 of switching element R(Ar,2); bottom port 2 of switching 
element R(iV,4) to top port 2 of switching element R(2,4); bottom port 0 of switching element 
R(Ar,3) to top port 1 of switching element R(2,4); bottom port 1 of switching element R{N,1) to 
top port 0 of switching element R(2,4); and bottom port 2 of switching element R(2,4) to top port 
2 of switching element R(3,4). The result is shown in Fig. 57. 

[0329] With the new connections in place, the upgrade process continues with the splicing 
step which splices in the new stage of switching elements. 

[0330] The insertion of switching element R{Nfi) is isolated in Fig. 58A. The splicing step 
begins by: diverting traffic away from bottom port 0 of switching element R(1,0) and top port 0 
of switching element R(2,0); shutting down bottom port 0 of switching element R(1,0) and top 
port O of switching element R(2,0); moving the connection at bottom port 0 of switching element 
R(1,0) to bottom port 0 of switching element R(Ar,0) as shown in Fig. 58B; starting bottom port 
0 of switching element R{Nfi) and top port 0 of switching element R(2,0); connecting bottom port 
0 of switching element R(1,0) to top port 0 of switching element R(7V,0) as shown in Fig. 58C; 
starting bottom port 0 of switching element R(1,0) and top port 0 of switching element R(iV,0)-, 
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and stop diverting traffic away from bottom port 0 of switcliing element R(1,0) and top port 0 of 
switching element R(2,0). 

[0331] The spUcing step continues by: diverting traffic away from bottom port 1 of switching 
element R(1,0) and top port 0 of switching element R(2,l); shutting down bottom port 1 of 
switching element R(1,0) and top port 0 of switching element R(2,l); moving the connection at 
bottom port 1 of switching element R(1,0) to bottom port 1 of switching element R(iV,0) as shown 
in Fig. 58D; starting bottom port 1 of switching element R(iV,0) and top port 0 of switching 
element R(2,l); connecting bottom port 1 of switching element R(1,0) to top port 1 of switching 
element R(iV,0) as also shown in Fig. 58D; starting bottom port 1 of switching element R(1,0) 
and top port 1 of switching element R{Nfi)] and stop diverting traffic away from bottom port 1 
of switching element R(1,0) and top port 0 of switching element R(2,l). 

[0332] The spUcing step continues by: diverting traffic away from bottom port 2 of switching 
element R(1,0) and top port 0 of switching element R(2,2); shutting down bottom port 2 of 
switching element R(1,0) and top port 0 of switching element R(2,2); moving the connection at 
bottom port 2 of switching element R(1,0) to bottom port 2 of switching element R{Nfi) as shown 
in Fig. 58E; starting bottom port 2 of switching element R(iV,Q) and top port 0 of switching 
element R(2,2); connecting bottom port 2 of switching element R(1,0) to top port 2 of switching 
element R(iV,0) as also shown in Fig. 58E; starting bottom port 2 of switching element R(1,0) 
and top port 2 of switching element R(i\r,0); and stop diverting traffic away from bottom port 2 
of switching element R(1,0) and top port 0 of switching element R(2,2). 

[0333] Switching element R(Ar,l) as shown in Fig. 58F can be inserted by: diverting traffic 
away from bottom port 0 of switching element R(l,l) and top port 0 of switching element R(2,3); 
shutting down bottom port 0 of switching element R(l,l) and top port 0 of switching element 
R(2,3); moving the connection at bottom port 0 of switching element R(l,l) to bottom port 0 
of switching element R(iV,l) as shown in Fig. 58G; starting bottom port 0 of switching element 

71 



R(JV,1) and top port 0 of switching element R(2,3); connecting bottom port 0 of switching element 
R(l,l) to top port 0 of switching element R(iV,l) as also shown in Fig. 58G; starting bottom 
port 0 of switching element R(l,l) and top port 0 of switching element R(Ar,l); and stop diverting 
traffic away from bottom port 0 of switching element R(l,l) and top port 0 of switching element 
R(2,3). 

[0334] The sphcing step continues by: diverting traffic away from bottom port 1 of switching 
element R(l,l) and top port 1 of switching element R(2,0); shutting down bottom port 1 of 
switching element R(l,l) and top port 1 of switching element R(2,0); moving the connection at top 
port 1 of switching element R(2,0) to top port 1 of switching element R(Ar,l)as shown in Fig. 58H; 
starting bottom port 1 of switching element R(l,l) and top port 1 of switching element R(7V,1); 
and stop diverting traffic away from bottom port 1 of switching element R(l,l). No connection 
is made between bottom port 1 of switching element R(iV,l) and top port 1 of switching element 
R(2,0), because bottom port 1 of switching element R(A'',l)is already connected. 
[0335] The sphcing step continues by: diverting traffic away from bottom port 2 of switching 
element R(l,l) and top port 1 of switching element R(2,l); shutting down bottom port 2 of 
switching element R(l,l) and top port 1 of switching element R(2,l); moving the connection at 
bottom port 2 of switching element R(l,l) to bottom port 2 of switching element R{N,l) as shown 
in Fig. 581; starting bottom port 2 of switching element R(Ar,l) and top port 1 of switching 
element R(2,l); connecting bottom port 2 of switching element R(l,l) to top port 2 of switching 
element R{N,l) as also shown in Fig. 581; starting bottom port 2 of switching element R(l,l) 
and top port 2 of switching element R(iV,l); and stop diverting traffic away from bottom port 2 
of switching element R(l,l) and top port 1 of switching element R(2,l). 

[0336] Switching element R(Ar,2) as shown in Fig. 58J can be inserted by: diverting traffic 
away from bottom port 0 of switching element R(l,2) and top port 1 of switching element R(2,2); 
shutting down bottom port 0 of switching element R(lj2) and top port 1 of switching element 
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R(2,2); moving the connection at bottom port 0 of switching element R(l,2) to bottom port 0 
of switching element R(iV,2) as shown in Fig. 58K; starting bottom port 0 of switching element 
R(Ar,2) and top port 1 of switching element R(2,2); connecting bottom port 0 of switching element 
R(l,2) to top port 0 of switching element R(iV,2) as also shown in Fig. 58K; starting bottom 
port 0 of switching element R(l,2) and top port 0 of switching element R(iV,2); and stop diverting 
traffic away, from bottom port 0 of switching element R(l,2) and top port 1 of switching element 
R(2,2). 

[0337] The splicing step continues by: diverting traffic away from bottom port 1 of switching 
element R(l,2) and top port 1 of switching element R(2,3); shutting down bottom port 1 of 
switching element R(l,2) and top port 1 of switching element R(2,3); moving the connection at 
bottom port 1 of switching element R(l,2) to bottom port 1 of switching element R(A^,2) as shown 
in Fig. 58L; starting bottom port 1 of switching element R(iV,2) and top port 1 of switching 
element R(2,3); connecting bottom port 1 of switching element R(l,2) to top port 1 of switching 
element R(iV,2) as also shown in Fig. 58L; starting bottom port 1 of switching element R(l,2) 
and top port 1 of switching element R(Ar,2); and stop diverting traffic away from bottom port 1 
of switching element R(l,2) and top port 1 of switching element R(2,3)- 

[0338] The spUcing step continues by: diverting traffic away from bottom port 2 of switching 
element R(l,2) and top port 2 of switching element R(2,0); shutting down bottom port 2 of 
switching element R(l,2) and top port 2 of switching element R(2,0); moving the connection at 
bottom port 2 of switching element R(l,2) to bottom port 2 of switching element R(Ar,2) as shown 
in Fig. 58M; starting bottom port 2 of switching element R(iV,2) and top port 2 of switching 
element R(2,0); not connecting bottom port 2 of switching element R(l,2) to top port 2 of switching 
element R(i\r,2) because top port 2 of switching element R{N,2) already has a connection, resulting 
in Fig. 58M; and stop diverting traffic away from top port 2 of switching element R(2,0). 
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[0339] Switching element R(iV,3) as shown in Fig. 58N can be inserted by: diverting traffic 
away from bottom port 0 of switching element R(l,3) and top port 2 of switching element R(2,l); 
shutting down bottom port 0 of switching element R(l,3) and top port 2 of switching element 
R(2,l); moving the connection at top port 2 of switching element R(2,l) to top port 0 of switching 
element R(Ar,3)as shown in Fig. 580; starting bottom port 0 of switching element R(l,3) and 
top port 0 of switching element R(iV,3); and stop diverting traffic away from bottom port 0 of 
switching element R(l,3). No connection is made between bottom port 0 of switching element 
R(iV,3) and top port 2 of switching element R(2,l), because bottom port 0 of switching element 
R(Ar,3)is already connected. 

[0340] The splicing step continues by: diverting traffic away from bottom port 1 of switching 
element R(l,3) and top port 2 of switching element R(2,2); shutting down bottom port 1 of 
switching element R(l,3) and top port 2 of switching element R(2,2); moving the connection at 
bottom port 1 of switching element R(l,3) to bottom port 1 of switching element R(A^,3) as shown 
in Fig. 58P; starting bottom port 1 of switching element R{N,3) and top port 2 of switching 
element R(2,2); connecting bottom port 1 of switching element R(l,3) to top port 1 of switching 
element R(Ar,3) as also shown in Fig. 58P; starting bottom port 1 of switching element R(l,3) 
and top port 1 of switching element R(iV,3); and stop diverting traffic away from bottom port 1 
of switching element R(l,3) and top port 2 of switching element R(2,2). 

[0341] The splicing step continues by: diverting traffic away from bottom port 2 of switching 
element R(l,3) and top port 2 of switching element R(2,3); shutting down bottom port 2 of 
switching element R(l,3) and top port 2 of switching element R(2,3); moving the connection at 
bottom port 2 of switching element R(l,3) to bottom port 2 of switching element R(iV,3) as shown 
in Fig. 58Q; starting bottom port 2 of switching element R(iV,3) and top port 2 of switching 
element R(2,3); not connecting bottom port 2 of switching element R(l,3) to top port 2 of switching 
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element R(iV,3) because top port 2 of switching element R(Ar,3) already has a connection, resulting 
in Pig. 58Q; and stop diverting traffic away from top port 2 of switching element R(2,3). 
[0342] This completes the splicing step for this example. Fig. 58R shows the new stage 
integrated into a multistage switching network. Clearly, none of the ISIC networks, 7052, 7054, 
7056 and 7058 match their counterparts, 7006, 7008, 7010, and 7012 in Fig. 56. The rewiring step 
is first applied to ISIC network 7054, since it is the ISIC network least like its counterpart, 7008. 
Though any ISIC network can be selected first, the selection of this one bolsters the fault tolerance 
of the overall network. 

[0343] Relabeling is applied to ISIC network 7054, but no swapping is needed. The rewiring 
step continues by the following port section and resultant rewiring of the selected ports. 
[0344] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scaiming from right to left, top port 1 of switching element R(iV,4) is 
not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 
of switching element R(l,3). Bottom port 0 of switching element R(l,3) is currently connected to 
top port 0 of switching element R(Ar,3). The breaking this connection introduces a second broken 
connection to R(l,3), so top port 1 of switching element R(iV,4) is not selected. Continuing to scan 
from right to left, top port 0 of switching element R(iV,4) is not connected to anything and has, 
according to Fig. 56, a corresponding port of bottom port 1 of switching element R(l,l). Bottom 
port 1 of switching element R(ljl) is currently connected to top port 1 of switching element 
R(iV,l). The breaking of this connection does not leave switching element R(l,l) or switching 
element R(iV,l) with more than one broken connection. This completes the selection process for 
this step. 

[0345] With top port 0 of switching element R(iV,4) selected and recalling that its corre- 
sponding port, bottom port 1 of switching element R(l,l), is connected to top port 1 of switching 
element R(iV,l), the rewiring step continues by diverting traffic from bottom port 1 of switching 
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element R(l,l) and top port 1 of switching element R(iV,l); stopping bottom port 1 of switch- 
ing element R(l,l) and top port 1 of switching element R(Ar,l); disconnecting bottom port 1 of 
switching element R(l,l) and top port 1 of switching element R(iV,l) and moving the disconnected 
connection to top port 0 of switching element R(A?^,4) as shown in Fig. 59A; starting top port 0 
of switching element R{N,4) and bottom port 1 of switching element R(l,l); and stop diverting 
the traffic from top port 0 of switching element R(Ar,4) and bottom port 1 of switching element 
R(l,l). 

[0346] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(Ar,4) is 
not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 
of switching element R(l,3). Bottom port 0 of switching element R(l,3) is currently connected to 
top port 0 of switching element R(Ar,3). The breaking this connection introduces a second broken 
connection to R(l,3), so top port 1 of switching element R{N,4) is not selected. Continuing to 
scan from right to left, bottom port 2 of switching element R(l,3) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 2 of switching element R(iV,l). Top 
port 2 of switching element R(iV,l) is currently connected to bottom port 2 of switching element 
R(l,l). The breaking this connection introduces a second broken connection to R(iV,l), so bottom 
port 2 of switching element R(l,3) is not selected. Continuing to scan from right to left, bottom 
port 2 of switching element R(l,2) is not connected to anything and has, according to Fig. 56, a 
corresponding port of top port 1 of switching element R{N,3), Top port 1 of switching element 
R(iV,3) is currently connected to bottom port 1 of switching element R(l,3). The breaking this 
connection introduces a second broken connection to R(l,3), so bottom port 2 of switching element 
R(l,2) is not selected. Continuing to scan from right to left, top port 1 of switching element R(iV,l) 
is not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 
of switching element R(l,2). Bottom port 0 of switching element R(l,2) is currently connected to 
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top port 0 of switching element R(Ar,2). The breaking this connection introduces a second broken 
connection to R(l,2), so top port 1 of switching element R(iV,l) is not selected. Since none of 
the ports that are not connected satisfy the second port selection criterion, the selection process 
continues by selecting the rightmost port not connected to anything, that is top port 1 of switching 
element R(A/',4). 

[0347] With top port 1 of switching element R(Ar,4) selected and recalUng that its corre- 
sponding port, bottom port 0 of switching element R(l,3), is connected to top port 0 of switching 
element R(Ar,3), the rewiring step continues by diverting traffic from bottom port 0 of switching 
element R(l,3) and top port 0 of switching element R(iV,3); stopping bottom port 0 of switch- 
ing element R(l,3) and top port 0 of switching element R(Ar,3); disconnecting bottom port 0 of 
switching element R(l,3) and top port 0 of switching element R(JV,3) and moving the disconnected 
connection to top port 1 of switching element R(iV,4) as shown in Fig. 59B; starting top port 1 
of switching element R(Ar,4) and bottom port 0 of switching element R(l,3); and stop diverting 
the traffic from top port 1 of switching element R(iV,4) and bottom port 0 of switching element 
R(l,3). 

[0348] Scanning from right to left, no port, top or bottom, has a corresponding port which is 
not connected. Again, scanning from right to left, bottom port 2 of switching element R(l,3) is not 
connected to anything and has, according to Fig. 56, a corresponding port of top port 2 of switching 
element R(iV,l). Top port 2 of switching element R(iV,l) is currently connected to bottom port 2 
of switching element R(l,l). The breaking this connection introduces a second broken connection 
to R(iV,l), so bottom port 2 of switching element R(l,3) is not selected. Continuing to scan 
from right to left, top port 0 of switching element R(7V,3) is not connected to anything and has, 
according to Fig. 56, a corresponding port of bottom port 0 of switching element R(l,l). Bottom 
port 0 of switching element R(l,l) is currently connected to top port 0 of switching element 
R(i\r,l). The breaking this connection introduces a second broken connection to R(A^,1), so top 
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port 0 of switching element R{N,3) is not selected. Continuing to scan from right to left, bottom 
port 2 of switching element R(l,2) is not connected to anything and has, according to Fig. 56, a 
corresponding port of top port 1 of switching element R{N,3). Top port 1 of switching element 
R(-/V,3) is cmrrently connected to bottom port 1 of switching element R(l,3). The breaking this 
connection introduces a second broken connection to R(l,3), so bottom port 2 of switching element 
R(l,2) is not selected. Continuing to scan from right to left, top port 1 of switching element R(Ar,l) 
is not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 
of switching element R(l,2). Bottom port 0 of switching element R(l,2) is currently connected to 
top port 0 of switching element R(Ar,2). The breaking this connection introduces a second broken 
connection to R(l,2), so top port 1 of switching element R(JV,1) is not selected. Since none of 
the ports that are not connected satisfy the second port selection criterion, the selection process 
continues by selecting the rightmost port not connected to anything, that is bottom port 2 of 
switching element R(l,3). 

[0349] With bottom port 2 of switching element R(l,3) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(A^,1), is connected to bottom port 2 of switching 
element R(l,l), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(iV,l) and bottom port 2 of switching element R(l,l); stopping top port 2 of switching 
element R(A^,1) and bottom port 2 of switching element R(l,l); disconnecting top port 2 of switch- 
ing element R(iV,l) and bottom port 2 of switching element R(l,l) and moving the disconnected 
connection to bottom port 2 of switching element R(l,3) as shown in Fig. 59C; starting bottom 
port 2 of switching element R(l,3) and top port 2 of switching element R(iV,l); and stop diverting 
the traffic from bottom port 2 of switching element R(l,3) and top port 2 of switching element 
R(7V,1). 

[0350] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(A/^,3) is 
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not connected to anything and has, a<;cording to Fig. 56, a corresponding port of bottom port 0 
of switching element R(l,l). Bottom port 0 of switching element R(l,l) is currently connected to 
top port 0 of switching element R(A/',1). The breaking this connection introduces a second broken 
connection to R(l,l), so top port 0 of switching element R(Ar,3) is not selected. Continuing to 
scan from right to left, bottom port 2 of switching element R(l,2) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 1 of switching element R(iV,3). Top 
port 1 of switching element R(iV,3) is currently connected to bottom port 1 of switching element 
R(l,3). The breaking this connection introduces a second broken connection to R(iV,3), so bottom 
port 2 of switching element R(l,2) is not selected. Continuing to scan from right to left, bottom 
port 2 of switching element R(l,l) is not connected to anything and has, according to Fig. 56, a 
corresponding port of top port 1 of switching element R(iV,0). Top port 1 of switching element 
R(iV,0) is currently connected to bottom port 1 of switching element R(1,0). The breaking of this 
connection does not leave switching element R(1,0) or switching element R(iV,0). with more than 
one broken connection. This completes the selection process for this step. 

[0351] With bottom port 2 of switching element R(l,l) selected and recaUing that its corre- 
sponding port, top port 1 of switching element R(iV,0), is connected to bottom port 1 of switching 
element R(1,0), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(Ar,0) and bottom port 1 of switching element R(1,0); stopping top port 1 of switching 
element R{Nfi) and bottom port 1 of switching element R(1,0); disconnecting top port 1 of switch- 
ing element R(iV,0) and bottom port 1 of switching element R(1,0) and moving the disconnected 
connection to bottom port 2 of switching element R(l,l) as shown in Fig. 59D; starting bottom 
port 2 of switching element R(l,l) and top port 1 of switching element R(iV,0); and stop diverting 
the traffic from bottom port 2 of switching element R(l,l) and top port 1 of switching element 
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[0352] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(iV,3) is 
not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 
of switching element R(l,l). Bottom port 0 of switching element R(l,l) is currently connected to 
top port 0 of switching element R{N,1), The breaking this connection introduces a second broken 
connection to R(Ar,l), so top port 0 of switching element R(Ar,3) is not selected. Continuing to 
scan from right to left, bottom port 2 of switching element R(l,2) is not connected to anything and 
has, according to Fig. 56, a corresponding ^port of top port 1 of switching element R(iV,3). Top 
port 1 of switching element R(iV,3) is currently connected to bottom port 1 of switching element 
R(l,3). The breaking this connection introduces a second broken connection to R(A^,3), so bottom 
port 2 of switching element R(l,2) is not selected. Continuing . to scan from right to left, top 
port 1 of switching element R(iV,l) is not connected to anything and has, according to Fig. 56, 
a corresponding port of bottom port 0 of switching element R(l,2). Bottom port 0 of switching 
element R(l,2) is currently connected to top port 0 of switching element R(iV,2). The breaking 
this connection introduces a second broken connection to R(lj2), so top port 1 of switching element 
R(A/^,1) is not selected. Continuing to scan from right to left, bottom port 1 of switching element 
R(1,0) is not connected to anything and has, according to Fig. 56, a corresponding port of top 
port 0 of switching element R(Ar,l). Top port 0 of switching element R(A^,1) is currently connected 
to bottom port 0 of switching element R(l,l). The breaking this connection introduces a second 
broken connection to R(iV,l), so bottom port 1 of switching element R(1,0) is not selected. Since 
none of the ports that are not connected satisfy the second port selection criterion, the selection 
process continues by selecting the rightmost port not connected to anything, that is top port 0 of 
switching element R(Ar,3). 

[0353] With top port 0 of switching element R(iV,3) selected and recalling that its corre- 
sponding port, bottom port 0 of switching element R(l,l), is connected to top port 0 of switching 
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element R(iV,l), the rewiring step continues by diverting traffic from bottom port 0 of switching 
element R(l,l) and top port 0 of switching element R(iV,l); stopping bottom port 0 of switch- 
ing element R(l,l) and top port 0 of switching element R(iV,l); disconnecting bottom port 0 of 
switching element R(l,l) and top port 0 of switching element R(j!V;1) and moving the disconnected 
connection to top port 0 of switching element R(A^,3) as shown in Fig. 59E; starting top port 0 
of switching element R(iV,3) and bottom port 0 of switching element R(l,l); and stop diverting 
the traffic from top port 0 of switching element R(i\r,3) and bottom port 0 of switching element 
R(l,l). 

[0354] The rewiring step continues by selecting top port 0 of switching element R(A/",1) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 56) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(iV,l) and bottom port 1 of switching element 
R(1,0) as shown in Fig. 59F; starting top port 0 of switching element R(-/V,l) and bottom port 
1 of switching element R(1,0); and stop diverting the traffic from top port 0 of switching element 
R(iV,l) and bottom port 1 of switching element R(1,0). 

[0355] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 2 of switching element R(l,2) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
1 of switching element R(Ar,3). Top port 1 of switching element R(Ar,3) is currently connected 
to bottom port 1 of switching element R(l,3). The breaking of this connection does not leave 
switching element R(l,3) or switching element R(iV,3) with more than one broken connection. 
This completes the selection process for this step. 

[0356] With bottom port 2 of switching element R(l,2) selected and recaUing that its corre- 
sponding port, top port 1 of switching element R(Ar,3), is connected to bottom port 1 of switching 
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•element R(l,3), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(iV,3) and bottom port 1 of switching element R(l,3); stopping top port 1 of switching 
element R{N,3) and bottom port 1 of switching element R(l,3); disconnecting top port 1 of switch- 
ing element R(iV,3) and bottom port 1 of switching element R(l,3) and moving the disconnected 
connection to bottom port 2 of switching element R(l52) as shown in Fig. 59G; starting bottom 
port 2 of switching element R(l,2) and top port 1 of switching element R(iV,3); and stop diverting 
the traffic from bottom port 2 of switching element R(l,2) and top port 1 of switching element 
R(iV,3). 

[0357] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(l,3) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(iV,0). Top port 2 of switching element R(iV,0) is currently connected 
to bottom port 2 of switching element R(1,0). The breaking of this connection does not leave 
switching element R(1,0) or switching eleriient R{Nfl) with more than one broken connection. 
This completes the selection process for this step. 

[0358] With bottom port 1 of switching element R(l,3) selected and recalling that its corre- 
sponding port, top port 2 of switching element R{Nfl), is connected to bottom port 2 of switching 
element R(1,0), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(iV,0) and bottom port 2 of switching element R(1,0); stopping top port 2 of switching 
element R(Ar,0) and bottom port 2 of switching element R(1,0); disconnecting top port 2 of switch- 
ing element R(iV,0) and bottom port 2 of switching element R(1,0) and moving the disconnected 
connection to bottom port 1 of switching element R(l,3) as shown in Fig. 59H; starting bottom 
port 1 of switching element R(l,3) and top port 2 of switching element R(A/',0); and stop diverting 
the traffic from bottom port 1 of switching element R(l,3) and top port 2 of switching element 
R(iV,0). 
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[0359] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(Ar,l) is 
not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 
of switching element R(l,2). Bottom port 0 of switching element R(l,2) is currently connected. to 
top port 0 of switching element R(iV,2). The breaking of this connection does not leave switching 
element R(l,2) or switching element R(iV,2) with more than one broken connection. This completes 
the selection process for this step. 

[0360] With top port 1 of switching element R(Ar,l) selected and recalUng that its corre- 
sponding port, bottom port 0 of switching element R(l,2), is connected to top port 0 of switching 
element R(Ar,2), the rewiring step continues by diverting traffic from bottom port 0 of switching 
element R(l,2) and top port 0 of switching element R(Ar,2); stopping bottom port 0 of switch- 
ing element R(l,2) and top port 0 of switching element R{N,2)\ disconnecting bottom port 0 of 
switching element R(l,2) and top port 0 of switching element R{N,2) and moving the disconnected 
connection to top port 1 of switching element R(iV,l) as shown in Fig. 591; starting top port 1 
of switching element R(iV,l) and bottom port 0 of switching element R(l,2); and stop diverting 
the traffic firom top port 1 of switching element R(iV,l) and bottom port 0 of switching element 
R(l,2). 

[0361] The rewiring step continues by selecting top port 0 of switching element R(iV,2) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 56) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(iV,2) and bottom port 2 of switching element 
R(1,0) as shown in Fig. 59 J; starting top port 0 of switching element R(A/*,2) and bottom port 
2 of switching element R(1,0); and stop diverting the traffic from top port 0 of switching element 
R(Ar,2) and bottom port 2 of switching element R(1,0). 
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[0362] This completes the rewiring of ISIC network 7054. Since the remaining ISIC networks 
are roughly as "close" to their counterparts in the post-reconfiguration switching network, the stage 
selection process goes back to the traditional "select the inner most stage" algorithm of Fig. 49B. 
Again, the order need not be taken in this manner, but it is believed that this method minimizes 
the disruption of switching capability. 

[0363] As a result, the rewiring step is performed next on ISIC network 7056. First, ISIC 

network 7056 is examined for relabeling purposes. 

[0364] The relabeling phase begins by scanning bottom ports from left to right. Switching 
element R(Ar,2) is connected to R(2,2), but according to Fig. 56, bottom port 1 should be con- 
nected to R(2,2) instead of bottom port 0. The connection to those ports are swapped as shown 
in Fig. 60A. 

[0365] The relabeling phase continues by scanning bottom ports firom left to right. Switching 
element R(iV,2) is connected to R(2,3), but according to Fig. 56, bottom port 2 should be con- 
nected to R(2,3) instead of bottom port 0. The connection to those ports are swapped as shown 
in Fig. 60B. 

[0366] This completes the relabeling phase for ISIC network 7056. The The rewiring step 
continues by the following port section and resultant rewiring of the selected ports. 

[0367] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(iV,4) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
-2 of switching element R(2,3). Top port 2 of switching element R(2,3) is currently connected 
to bottom port 2 of switching element R(iV,3). The breaking of this connection does not leave 
switching element R(iV,3) or switching element R(2,3) with more than one broken connection. 
This completes the selection process for this step. 
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[0368] With bottom port 1 of switching element R(iV^,4) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(2,3), is connected to bottom port 2 of switching 
element R(iV,3), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(2,3) and bottom port 2 of switching element R(iV,3); stopping top port 2 of switching 
element R(2,3) and bottom port 2 of switching element R(iV,3); disconnecting top port 2 of switch- 
ing element R(2,3) and bottom port 2 of switching element R(iV,3) and moving the disconnected 
connection to bottom port 1 of switching element R(Ar,4) as shown in Fig. 60C; starting bottom 
port 1 of switching element R(A^,4) and top port 2 of switching element R(2,3); and stop diverting 
the traffic from bottom port 1 of switching element R(iV,4) and top port 2 of switching element 
R(2,3). 

[0369] The rewiring step continues by selecting bottom port 2 of switching element R{N,3) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig, 56) is also not connected to anything; establishing a 
new connection between bottom port 2 of switching element R(A^,3) and top port 2 of switching 
element R(2,l) as shown in Fig. 60D; starting bottom port 2 of switching element R(Ar,3) and top 
port 2 of switching element R(2,l); and stop diverting the traffic from bottom port 2 of switching 
element R(Ar,3) and top port 2 of switching element R(2,l). 

[0370] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 0 of switching element R(Ar,4) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(2,2). Top port 2 of switching element R(2,2) is ciurrently connected 
to bottom port 1 of switching element R(iV,3). The breaking of this connection does not leave 
switching element R(iV,3) or switching element R(2,2) with more than one broken connection. 
This completes the selection process for this step. 
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[0371] With bottom port 0 of switching element R(A^,4) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(2,2), is connected to bottom port 1 of switching 
element R(iV,3), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(2,2) and bottom port 1 of switching element R(iV,3); stopping top port 2 of switching 
element R(2,2) and bottom port 1 of switching element R(Ar,3); disconnecting top port 2 of switch- 
ing element R(2,2) and bottom port 1 of switching element R(iV,3) and moving the disconnected 
connection to bottom port 0 of switching element R(Ar,4) as shown in Fig. 60E; starting bottom 
port 0 of switching element R(Ar,4) and top port 2 of switching element R(2,2); and stop diverting 
the traffic from bottom port 0 of switching element R(A?^,4) and top port 2 of switching element 
R(2,2). 

[0372] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(iV,3) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 2 of 
switching element R(2,0). Top port 2 of switching element R(2,0) is currently connected to bottom 
port 0 of switching element R{N,2), The breaking this connection introduces a second broken 
connection to R(2,0), so bottom port 1 of switching element R(Ar,3) is not selected. Continuing to 
scan from right to left, top port 1 of switching element R(2,0) is not connected to anything and has, 
according to Fig. 56, a corresponding port of bottom port 2 of switching element R(A/',1). Bottom 
port 2 of switching element R(j/V,l) is currently connected to top port 1 of switching element. 
R(2,l). The breaking of this connection does not leave switching element R(iV,l) or switching 
element R(2,l) with more than one broken connection. This completes the selection process for 
this step. 

[0373] With top port 1 of switching element R(2,0) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(iV,l), is connected to top port 1 of switching 
element R(2,l), the rewiring step continues by diverting traffic from bottom port 2 of switching 
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element R(iV,l) and top port 1 of switching element R(2,l); stopping bottom port 2 of switch- 
ing element R(Ar,l) and top port 1 of switching element R(2,l); disconnecting bottom port 2 of 
switching element R(iV,l) and top port 1 of switching element R(2,l) and moving the disconnected 
connection to top port 1 of switching element R(2,0) as shown in Fig. 60F; starting top port 1 
of switching element R(2,0) and bottom port 2 of switching element R(iV,l); and stop diverting 
the traffic from top port 1 of switching element R(2,0) and bottom port 2 of switching element 
R(iV,l). 

[0374] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(JV,3) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(2,0). Top port 2 of switching element R(2,0) is currently connected 
to bottom port 0 of switching element R{N^2). The breaking of this connection does not leave 
switching element R(iV,2) or switching element R(2,0) with more than one broken connection. 
This completes the selection process for this step. 

[0375] With bottom port 1 of switching element R(iV,3) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(2,0), is connected to bottom port 0 pf switching 
element R(iV,2), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(2,0) and bottom port 0 of switching element R(iV,2); stopping top port 2 of switching 
element R(2,0) and bottom port 0 of switching element R(A^,2); disconnecting top port 2 of switch- 
ing element R(2,0) and bottom port 0 of switching element R(iV,2) and moving the disconnected 
connection to bottom port 1 of switching element R(iV,3) as shown in Fig. 60G; starting bottom 
port 1 of switching element R(A^,3) and top port 2 of switching element R(2,0); and stop diverting 
the traffic from bottom port 1 of switching element R(iV,3) and top port 2 of switching element 
R(2,0). 
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[0376] The rewiring step continues by selecting bottom port 0 of switching element R(iV,2) 
because scanning from right to left, it is the first port bottom or top not connected to anything gtnd 
whose corresponding port (according to Fig. 56) is also not connected to anything; establishing a 
new connection between bottom port 0 of switching element R(iV,2) and top port 1 of switching 
element R(2,l) as shown in Fig. 60H; starting bottom port 0 of switching element R(iV,2) and top 
port 1 of switching element R(2,l); and stop diverting the traffic from bottom port 0 of switching 
element R{N,2) and top port 1 of switching element R(2,l). 

[0377] This completes the rewiring of ISIC 7056. Since the remaining ISIC networks are 
identical and both are equally distant from the "middle" of the switching network, the choice is 
completely arbitrary. Since they are identical, a examples are given with and without the optional 
relabeling step. First, ISIC network 7058 is selected and is rewired without the benefit of relabeling. 
[0378] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(2,4) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(3,3). Top port 2 of switching element R(3,3) is currently connected 
to bottom port 2 of switching element R(2,3). The breaking of this connection does not leave 
switching element R(2,3) or switching element R(3,3) with more than one broken connection. This 
completes the selection process for this step. 

[0379] With bottom port 1 of switching element R(2,4) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(3,3), is connected to bottom port 2 of switching 
element R(2,3), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(3,3) and bottom port 2 of switching element R(2,3); stopping top port 2 of switching 
element R(3,3) and bottom port 2 of switching element R(2,3); disconnecting top port 2 of switch- 
ing element R(3,3) and bottom port 2 of switching element R(2,3) and moving the disconnected 
connection to bottom port 1 of switching element R(2,4) as shown in Fig. 61A; starting bottom 
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port 1 of switching element R(2,4) and top port 2 of switching element R(3,3); and stop diverting 
the traffic from bottom port 1 of switching element R(2,4) and top port 2 of switching element 
R(3,3). 

[0380] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(3,4) is not 
connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 of 
switching element R(2,3). Bottom port 0 of switchmg element R(2,3) is currently connected to 
top port 2 of switching element R(3,l). The breaking this connection introduces a second broken 
connection to R(2,3), so top port 1 of switching element R(3,4) is not selected. Continuing to scan 
from right to left, bottom port 0 of switching element R(2,4) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 2 of switching element R(3,2). Top 
port 2 of switching element R(3,2) is currently connected to bottom port 1 of switching element 
R(2,3). The breaking this connection introduces a second broken connection to R(2,3), so bottom 
port 0 of switching element R(2,4) is not selected. Continuing to scan from right to left, top 
port 0 of switching element R(3j4) is not connected to anything and has, according to Fig. 56, 
a corresponding port of bottom port 1 of switching element R(2,l). Bottom port 1 of switching 
element R(2,l) is currently connected to top port 1 of switching element R(3,0). The breaking 
of this connection does not leave switching element R(2,l) or switching element R(3,0) with more 
than one broken connection. This completes the selection process for this step. 
[0381] With top port 0 of switching element R(3,4) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(2,l), is connected to top port 1 of switching element 
R(3,0), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(2,l) and top port 1 of switching element R(3,0); stopping bottom port 1 of switching element 
R(2,l) and top port 1 of switching element R(3,0); disconnecting bottom port 1 of switching ele- 
ment R(2,l) and top port 1 of switching element R(3,0) and moving the disconnected connection 
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to top port 0 of switching element R(3,4) as shown in Fig. 61B; starting top port 0 of switching 
element R(3,4) and bottom port 1 of switching element R(2,l); and stop diverting the traffic from 
top port 0 of switching element R(3,4) and bottom port 1 of switching element R(2,l). 

[0382] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(3,4) is not 
connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 of 
switching element R(2,3). Bottom port 0 of switching element R(2,3) is currently connected to 
top port 2 of switching element R(3,l). The breaking this connection introduces a second broken 
connection to R(2,3), so top port 1 of switching element R(3,4) is not selected. Continuing to scan 
from right to left, bottom port 0 of switching element R(2,4) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 2 of switching element R(3,2). Top 
port 2 of switching element R(3,2) is currently connected to bottom port 1 of switching element 
R(2,3). The breaking this connection introduces a second broken connection to R(2,3), so bottom 
port 0 of switching element R(2,4) is not selected. Continuing to scan from right to left, bottom 
port 2 of switching element R(2,3) is not connected to anything and has, according to Fig. 56, 
a corresponding port of top port 2 of switching element R(3,l). Top port 2 of switching element 
R(3,l) is currently connected to bottom port 0 of switching element R(2,3). The breaking this 
connection introduces a second broken connection to R(2,3), so bottom port 2 of switching element 
R(2,3) is not selected. Continuing to scan from right to left, top port 1 of switching element R(3,0) 
is not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 2 
of switching element R(2,l). Bottom port 2 of switching element R(2,l) is ciurrently connected to 
top port 1 of switching element R(3,l). The breaking of this connection does not leave switching 
element R(2,l) or switching element R(3,l) with more than one broken connection. This completes 
the selection process for this step. 
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[0383] With top port 1 of switching element R{3,0) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(2,l), is connected to top port 1 of switching element 
R(3,l), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(2,l) and top port 1 of switching element R(3,l); stopping bottom port 2 of switching element 
R(2,l) and top port 1 of switching element R(3,l); disconnecting bottom port 2 of switching ele- 
ment R(2,l) and top port 1 of switching element R(3,l) and moving the disconnected connection 
to top port 1 of switching element R(3,0) as shown in Fig. 61C; starting top port 1 of switching 
element R(3,0) and bottom port 2 of switching element R(2,l); and stop diverting the traffic from 
top port 1 of switching element R(3,0) and bottom port 2 of switching element R(2,l). 
[0384] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(3,4) is not 
connected to anjrthing and has, according to Fig. 56, a corresponding port of bottom port 0 of 
switching element R(2,3). Bottom port 0 of switching element R(2,3) is currently connected to 
top port 2 of switching element R(3,l). The breaking this connection introduces a second broken 
connection to R(2,3), so top. port 1 of switching element R(3,4) is not selected. Continuing to scan 
from right to left, bottom port 0 of switching element R(2,4) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 2 of switching element R(3,2). Top 
port 2 of switching element R(3,2) is currently connected to bottom port 1 of switching element 
R(2,3). The breaking this connection introduces a second broken connection to R(2,3), so bottom 
port 0 of switching element R(2,4) is not selected. Continuing to scan from right to left, bottom 
port 2 of switching element R(2,3) is not connected to anything and has, according to Fig. 56, 
a corresponding port of top port 2 of switching element R(3,l). Top port 2. of switching element 
R(3,l) is currently connected to bottom port 0 of switching element R(2,3). The breaking this 
connection introduces a second broken connection to R(2,3), so bottom port 2 of switching element 
R(2,3) is not selected. Continuing to scan from right to left, top port 1 of switching element R(3,l) 
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is not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 
of switching element R(2,2). Bottom port 0 of switching element R(2,2) is currently connected to 
top port 1 of switching element R(3,2). The breaking of this connection does not leave switching 
element R(2,2) or switching element R(3,2) with more than one broken connection. This completes 
the selection process for this step. 

[0385] With top port 1 of switching element R(3,l) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(2,2), is connected to top port 1 of switching element 
R(3,2), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(2,2) and top port 1 of switching element R(3,2); stopping bottom port 0 of switching element 
R(2,2) and top port 1 of switching element R(3,2); disconnecting bottom port 0 of switching ele- 
ment R(2,2) and top port 1 of switching element R(3,2) and moving the disconnected connection 
to top port 1 of switching element R(3,l) as shown in Fig. 6 ID; starting top port 1 of switching 
element R(3,l) and bottom port 0 of switching element R(2,2); and stop diverting the traffic from 
top port 1 of switching element R(3,l) and bottom port 0 of switching element R(2,2). 

[0386] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(3,4) is not 
connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 of 
switching element R(2,3). Bottom port 0 of switching element R(2,3) is currently connected to 
top port 2 of switching element R(3,l). The breaking this connection introduces a second broken 
connection to R(2,3), so top port 1 of switching element R(3,4) is not selected. Continuing to scan 
from right to left, bottom port 0 of switching element R(2,4) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 2 of switching element R(3,2). Top 
port 2 of switching element R(3,2) is currently connected to bottom port 1 of switching element 
R(2,3). The breaking this connection introduces a second broken connection to R(2,3), so bottom 
port 0 of switching element R(2,4) is not selected. Continuing to scaji from right to left, bottom 
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port 2 of switching element R(2,3) is not connected to anything and has, according to Fig. 56, 
a corresponding port of top port 2 of switching element R(3,l). Top port 2 of switching element 
R(3,l) is currently connected to bottom port 0 of switching element R(2,3). The breaking this 
connection introduces a second broken connection to R(2,3), so bottom port 2 of switching element 
R(2,3) is not selected. Continuing to scan from right to left, top port 1 of switching element R(3,2) 
is not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 1 
of switching element R(2,2). Bottom port 1 of switching element R(2,2) is currently connected to 
top port 1 of switching element R(3,3). The breaking of this connection does not leave switching 
element R(2,2) or switching element R(3,3) with more than one broken connection. This completes 
the selection process for this step. 

[0387] With top port 1 of switching element R(3,2) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(2,2), is connected to top port 1 of switching element 
R(3,3), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(2,2) and top port 1 of switching element R(3,3); stopping bottom port 1 of switching element 
R(2,2) and top port 1 of switching element R(3,3); disconnecting bottom port 1 of switching ele- 
ment R(2,2) and top port 1 of switching element R(3,3) and moving the disconnected connection 
to top port 1 of switching element R(3,2) as shown in Fig. 61E; starting top port 1 of switching 
element R(3,2) and bottom port 1 of switching element R(2,2); and stop diverting the traffic from 
top port 1 of switching element R(3,2) and bottom port 1 of switching element R(2,2). 
[0388] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(3,4) is not 
connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 of 
switching element R(2,3). Bottom port 0 of switching element R(2j3) is currently connected to 
top port 2 of switching element R(3,l). The breaking this connection introduces a second broken 
connection to R(2,3), so top port 1 of switching element R(3,4) is not selected. Continuing to scan 
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from right to left, bottom port 0 of switching element R(2j4) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 2 of switching element R(3,2). Top 
port 2 of switching element R(3,2) is currently connected to bottom port 1 of switching element 
R(2,3). The breaking this connection introduces a second broken connection to R(2,3), so bottom 
port 0 of switching element R(2,4) is not selected. Continuing to scan from right to left, bottom 
port 2 of switching element R(2,3) is not connected to anything and has, according to Fig. 56, 
a corresponding port of top port 2 of switching element R(3,l). Top port 2 of switching element 
R(3,l) is currently connected to bottom port 0 of switching element R(2,3). The breaking this 
connection introduces a second broken connection to R(2,3), so bottom port 2 of switching element 
R(2,3) is not selected. Continuing to scan from right to left, top port 1 of switching element R(3,3) 
is not connected to anything and has, according to Fig. 56, a corresponding port of bottom port 2 
of switching element R(2,2). Bottom port 2 of switching element R(2,2) is currently connected to 
top port 2 of switching element R(3,0). The breaking of this connection does not leave switching 
element R(2,2) or switching element R(3,0) with more than one broken connection. This completes 
the selection process for this step. 

[0389] With top port 1 of switching element R(3,3) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(2,2), is connected to top port 2 of switching element 
R(3,0), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(2,2) and top port 2 of switching element R(3,0); stopping bottom port 2 of switching element 
R(2,2) and top port 2 of switching element R(3,0); disconnecting bottom port 2 of switching ele- 
ment R(2,2) and top port 2 of switching element R(3,0) and moving the disconnected connection 
to top port 1 of switching element R(3,3) as shown in Fig. 6 IF; starting top port 1 of switching 
element R(3,3) and bottom port 2 of switching element R(2,2); and stop diverting the traffic from 
top port 1 of switching element R(3,3) and bottom port 2 of switching element R(2,2). 
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[0390] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(3,4) is not 
connected to anything and has, according to Fig. 56, a corresponding port of bottom port 0 of 
switching element R(2,3). Bottom port 0 of switching element R(2,3) is currently connected to 
top port 2 of switching element R(3,l). The breaking this connection introduces a second broken 
connection to R(2,3), so top port 1 of switching element R(3,4) is not selected. Continuing to scan 
from right to left, bottom port 0 of switching element R(2,4) is not connected to anything and 
has, according to Fig. 56, a corresponding port of top port 2 of switching element R(3,2). Top 
port 2 of switching element R(3,2) is currently connected to bottom port 1 of switching element 
R(2,3). The breaking this connection introduces a second broken connection to R(2,3), so bottom 
port 0 of switching element R(2,4) is not selected. Continuing to scan from right to left, bottom 
port 2 of switching element R(2,3) is not connected to anything and has, according to Fig. 56, 
a corresponding port of top port 2 of switching element R(3,l). Top port 2 of switching element 
R(3,l) is currently connected to bottom port 0 of switching element R(2,3). The breaking this 
connection introduces a second broken connection to R(2,3), so bottom port 2 of switching element 
R(2,3) is not selected. Continuing to scan from right to left, top port 2 of switching element R(3,0) 
is not connected to anjdihing and has, according to Fig. 56, a corresponding port of bottom port 1 
of switching element R(2,3). Bottom port 1 of switching element R(2,3) is currently connected to 
top port 2 of switching element R(3,2). The breaking this connection introduces a second broken 
connection to R(2,3), so top port 2 of switching element R(3,0) is not selected. Since none of 
the ports that are not connected satisfy the second port selection criterion, the selection process 
continues by selecting the rightmost port not connected to anything, that is top port 1 of switching 
element R(3,4). 

[0391] With top port 1 of switching element R(3,4) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(2,3), is connected to top port 2 of switching element 
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R(3,l), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(2,3) and top port 2 of switching element R(3,l); stopping bottom port 0 of switching element 
R(2,3) and top port 2 of switching element R(3,l); disconnecting bottom port 0 of switching ele- 
ment R(2,3) and top port 2 of switching element R(3,l) and moving the disconnected connection 
to top port 1 of switching element R(3,4) as shown in Fig. 61G; starting top port 1 of switching 
element R(3,4) and bottom port 0 of switching element R(2,3); and stop diverting the traffic from 
top port 1 of switching element R(3,4) and bottom port 0 of switching element R(2,3). 
[0392] The rewiring step continues by selecting bottom port 2 of switching element R(2,3) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 56) is also not connected to anything; establishing 
a new connection between bottom port 2 of switching element R(2,3) and top port 2 of switching 
element R(3,l) as shown in Fig. 61H; starting bottom port 2 of switching element R(2,3) and top 
port 2 of switching element R(3,l); and stop diverting the traffic from bottom port 2 of switching 
element R(2,3) and top port 2 of switching element R(3,l). 

[0393] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 0 of switching element R(2,4) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(3,2). Top port 2 of switching element R(3,2) is currently connected 
to bottom port 1 of switching element R(2,3). The breaking of this connection does not leave 
switching element R(2,3) or switching element R(3,2) with more than one broken connection. This 
completes the selection process for this step. 

[0394] With bottom port 0 of switching element R(2,4) selected and recaUing that its corre- 
sponding port, top port 2 of switching element R(3,2), is connected to bottom port 1 of switching 
element R(2,3), the rewiring step continues by diverting traffic firom top port 2 of switching el- 
ement R(3,2) and bottom port 1 of switching element R(2,3); stopping top port 2 of switching 
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element R(3,2) and bottom port 1 of switching element R(2,3); disconnecting top port 2 of switch- 
ing element R(3,2) and bottom port 1 of switching element R(2,3) and moving the disconnected 
connection to bottom port 0 of switching element R(2,4) as shown in Fig. 611; starting bottom 
port 0 of switching element R(2,4) and top port 2 of switching element R(3,2); and stop diverting 
the traffic from bottom port 0 of switching element R(2,4) and top port 2 of switching element 
R(3,2). 

[0395] The rewiring step continues by selecting bottom port 1 of switching element R(2,3) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig- 56) is also not connected to anything; establishing 
a new connection between bottom port 1 of switching element R(2j3) and top port 2 of switching 
element R(3,0) as shown in Fig. 61J; starting bottom port 1 of switching element R(2,3) and top 
port 2 of switching element R(3,0); and stop diverting the traffic from bottom port 1 of switching 
element R(2,3) and top port 2 of switching element R(3,0). 

[0396] This completes the rewriting of ISIC network 7058. Now, ISIC network 7052, which was 
identical to ISIC network 7058, is rewired. However, in this case, ISIC network 7052 is examined 
for relabeling purposes. 

[0397] The relabeling phase begins by scanning bottom ports from left to right. Switching 
element R(0,1) is connected to R(1,0), but according to Fig. 56, bottom port 2 should be connected 
to R(1,0) instead of bottom port 1. The connection to those ports are swapped as shown in 
Fig. 62A. 

[0398] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,2) is connected to R(l,2), but according to Fig. 56, bottom port 1 should be connected 
to R(l,2) instead of bottom port 0. The connection to those ports are swapped as shown in 
Fig. 62B. 
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[0399] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,2) is connected to R(l,3), but according to Fig. 56, bottom port 2 should be connected 
to R(l,3) instead of bottom port 0. The connection to those ports are swapped as shown in 
Fig. 62C. 

[0400] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,3) is connected to R(l,l), but according to Fig. 56, bottom port 2 should be connected 
to R(l,l) instead of bottom port 0. The connection to those ports are swapped as shown in 
Fig. 62D. 

[0401] This completes the relabeling phase for ISIC network 7052. The rewiring step continues 
by the following port section and resultant rewiring of the selected ports. 

[0402] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(0,4) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(l,3). Top port 2 of switching element R(l,3) is currently connected 
to bottom port 0 of switching element R(0,3). The breaJcing of this connection does not leave 
switching element R(0,3) or switching element R(l,3) with more than one broken connection. This 
completes the selection process for this step. 

[0403] With bottom port 1 of switching element R(0,4) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(l,3), is connected to bottom port 0 of switching 
element R(0,3), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(l,3) and bottom port 0 of switching elenient R(0,3); stopping top port 2 of switching 
element R(l,3) and bottom port 0 of switching element R(0,3); disconnecting top port 2 of switch- 
ing element R(l,3) and bottom port 0 of switching element R(0,3) and moving the disconnected 
connection to bottom port 1 of switching element R(0,4) as shown in Fig. 62E; starting bottom 
port 1 of switching element R(0,4) and top port 2 of switching element R(l,3); and stop diverting 
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the traffic from bottom port 1 of switching element R(0,4) and top port 2 of switching element 
R(l,3). 

[0404] The rewiring step continues by selecting top port 1 of switching element R(l,4) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 56) is also not connected to anything; establishing a new 
connection between top port 1 of switching element R(l,4) and bottom port 0 of switching element 
R(0,3) as shown in Fig. 62F; starting top port 1 of switching element R(l,4) and bottom port 0 
of switching element R(0,3); and stop diverting the traffic from top port 1 of . switching element 
R(l,4) and bottom port 0 of switching element R(0,3). 

[0405] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 0 of switching element R(0,4) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(l,2). Top port 2 of switching element R(l,2) is currently connected 
to bottom port 1 of switching element R(0,3). The breaking of this coimection does not leave 
switching element R(0,3) or switching element R(l,2) with more than one broken connection. This 
completes the selection process for this step. 

[0406] With bottom port 0 of switching element R(0,4) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(l,2), is connected to bottom port 1 of switching 
element R(0,3), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(l,2) and bottom port 1 of switching element R(0,3); stopping top port 2 of switching 
element R(l,2) and bottom port 1 of switching element R(0,3); disconnecting top port 2 of switch- 
ing element R(l,2) and bottom port 1 of switching element R(0,3) and moving the disconnected 
connection to bottom port 0 of switching element R(0,4) as shown in Fig. 62G; starting bottom 
port 0 of switching element R(0,4) and top port 2 of switching element R(l,2); and stop diverting 
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the traffic from bottom port 0 of switching element R(0,4) and top port 2 of switching element 
R{1,2). 

[0407] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(l,4) is not 
connected to anything and has, according to Fig. 56, a corresponding port of bottom port 1 of 
switching element R(0,1). Bottom port 1 of switching element R(0,1) is currently connected to 
top port 1 of switching element R(l,l). The breaking of this connection does not leave switching 
element R(0,1) or switching element R(l,l) with more than one broken connection. This completes 
the selection process for this step. 

[0408] With top port 0 of switching element R(l,4) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(0,1), is connected to top port 1 of switching element 
R(l,l), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(0,1) and top port 1 of switching element R(l,l); stopping bottom port 1 of switching element 
R(0,1) and top port 1 of switching element R(l,l); disconnecting bottom port 1 of switching ele- 
ment R(0,1) and top port 1 of switching element R(l,l) and moving the disconnected connection 
to top port 0 of switching element R(l,4) as shown in Fig. 62H; starting top port 0 of switching 
element R(l,4) and bottom port 1 of switching element R(0,1); and stop diverting the traffic from 
top port 0 of switching element R(l,4) and bottom port 1 of switching element R(0,1). 
[0409] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(0,3) 
is not connected to anything and has, according to Fig. 56, a corresponding port of top port 
2 of switching element R(1,0). Top port 2 of switching element R(1,0) is currently connected 
to bottom port 0 of switching element R(0,2). The breaking of this connection does not leave 
switching element R(0,2) or switching element R(1,0) with more than one broken connection. This 
completes the selection process for this step. 
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[0410] With bottom port 1 of switching element R(0,3) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(1,0), is connected to bottom port 0 of switching 
element R(0,2), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(1,0) and bottom port 0 of switching element R(0,2); stopping top port 2 of switching 
element R(1,0) and bottom port 0 of switching element R(0,2); disconnecting top port 2 of switch- 
ing element R(1,0) and bottom port 0 of switching element R(0,2) and moving the disconnected 
connection to bottom port 1 of switching element R(0,3) as shown in Fig. 621; starting bottom 
port 1 of switching element R(0,3) and top port 2 of switching element R(1,0); and stop diverting 
the traffic from bottom port 1 of switching element R(0,3) and top port 2 of switching element 
R(1,0). 

[0411] The rewiring step continues by selecting bottom port 0 of switching element R(0,2) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 56) is also not connected to anything; establishing 
a new connection between bottom port 0 of switching element R(0,2) and top port 1 of switching 
element R(l,l) as shown in Fig. 62J; starting bottom port 0 of switching element R(0,2) and top 
port 1 of switching element R(l,l); and stop diverting the traffic from bottom port 0 of switching 
element R(0,2) and top port 1 of switching element R(l,l). 

[0412] This completes the rewiring process. The upgrade to the post-reconj&guration switching 
network depicted in Fig. 56 is completed when external ports 7002 and 7014 are activated and 
traffic is guided through them. 

[0413] Fig. 63 shows a 24-port 4 stage pre-reconfiguration balanced RBCCG multistage 
switching network 7060 and two additional stages of switching elements 7062 to be added. Switch- 
ing elements R(Ar,*) represent the upper row to be added, and switching elements R(iV',*) represent 
the lower row to be added. Using the stage upgrade procedure illustrated in Figs. 52A- 52C, one 
can first add switching elements R(iV,*), and then when that stage of switching elements has been 

101 



added, switching elements R{N\*) can be added, or vice versa. Instead, using the process set forth 
below, both rows can be added simultaneously, minimizing the number of operations performed 
while still providing a functionally connected switching network during the upgrade process. Since 
there is no change in the number of external ports in this procedinre, no external ports need to be 
shutdown. Fig. 64 shows the 24-port 6 stage post-reconfiguration balanced RBCCG multistage 
switching network. 

[0414] Proceeding to the pre-connection step, according to the post-reconfiguration architec- 
ture shown in Fig. 64, the following connections can be established without disrupting existing 
connections: bottom port 2 of switching element R(iV,3) to top port 2 of switching element R(iV',3); 
bottom port 1 of switching element R(Ar,3) to top port 2 of switching element R(Ar',2); bottom 
port 0 of switching element R(iV,3) to top port 2 of switching element R(iV',l); bottom port 2 of 
switching element R(iV,2) to top port 2 of switching element R{N\0); bottom port 1 of switching 
element R(Ar,2) to top port 1 of switching element R(A'^', 3); bottom port 0 of switching element 
R(iV,2) to top port 1 of switching element R(Ar',2); bottom port 2 of switching element R{N,1) to 
top port 1 of switching element R(Ar',l); bottom port 1 of switching element R(iV,l) to top port 1 
of switching element R(Ar',0); bottom port 0 of switching element R(iV,l) to top port 0 of switching 
element R(JV',3); bottom port 2 of switching element R(JV,0) to top port 0 of switching element 
R(iV',2); bottom port 1 of switching element R(Ar,0) to top port 0 of switching element R(iV',l); 
and bottom port 0 of switching element R{N,0) to top port 0 of switching element R(iV',0). The 
result is shown in Fig. 65. 

[0415] It should be noted here that the new connections 7082 added by the pre-connection 
step form the ISIC network 7076 of Fig. 64, which is a general characteristic of the spUcing step 
whenever a plurality of new stages of switching elements, regardless of whether the width or fanout 
is also expanded (or contracted). With the new connections in place, the upgrade process continues 
with the splicing step, which splices in the new stage of switching elements. In this embodiment 
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of the splice step, the top ports used to splice the new stage of switching elements are those of 
switching element R(iV,*), and the bottom ports used come from switching elements R(Ar',*). In 
addition, in this example, the new stages are inserted below the selected, ISIC network 7064 of 
Fig. 63. Additionally, the order of spUcing each individual connection is diflFerent than the previous 
example. 

[0416] The spUcing step begin by: diverting traffic away firom bottom port 0 of switching 
element R(1,0) and top port 0 of switching element R(2,0); shutting down bottom port 0 of 
switching element R(1,0) and top port 0 of switching element R(2,0); moving the connection at 
bottom port 0 of switching element R(1,0) to bottom port 0 of switching element R(JV',d) as shown 
in Fig. 66 A; starting bottom port 0 of switching element R(A^',0) and top port 0 of switching 
element R(2,0); connecting bottom port 0 of switching element R(1,0) to top port 0 of switching 
element R(iV,0) as also shown in Fig. 66A; starting bottom port 0 of switching element R(1,0) 
and top port 0 of switching element R{Nfl)] and stop diverting traffic away from bottom port 0 
of switching element R(1,0) and top port 0 of switching element R(2,0). 

[0417] The splicing step continues by: diverting traffic away firom bottom port 1 of switching 
element R(1,0) and top port 0 of switching element R(2,l); shutting down bottom port 1 of 
switching element R(1,0) and top port 0 of switching element R(2,l); moving the connection at 
bottom port 1 of switching element R(1,0) to bottom port 0 of switching element R(iV',l) as shown 
in Fig. 66B; starting bottom port 0 of switching element R(iV',l) and top port 0 of switching 
element R(2,l); connecting bottom port 1 of switching element R(1,0) to top port 0 of switching 
element R(JV,1) as also shown in Fig. 66B; starting bottom port 1 of switching element R(1,0) 
and top port 0 of switching element R(iV,l); and stop diverting traffic away from bottom port 1 
of switching element R(1,0) and top port 0 of switching element R(2,l). 

[0418] The spficing step continues by: diverting traffic away from bottom port 2 of switching 
element R(1,0) and top port 0 of switching element R(2,2); shutting down bottom port 2 of 
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switching element R(1,0) and top port 0 of switching element R(2,2); moving the connection at 
bottom port 2 of switching element R(1,0) to bottom port 0 of switching element R(7V',2) as shown 
in Fig. 66C; starting bottom port 0 of switching element R{N\2) and top port 0 of switching 
element R(2,2); connecting bottom port 2 of switching element R(1,0) to top port 0 of switching 
element R(7V,2) as also shown in Fig. 66C; starting bottom port 2 of switching element R(1,0) 
and top port 0 of switching element R(Ar,2); and stop diverting traffic away from bottom port 2 
of switching element R(1,0) and top port 0 of switching element R(2,2). 

[0419] The spUcing step continues by: diverting traffic away from bottom port 0 of switching 
element R(l,l) and top port 0 of switching element R(2,3); shutting down bottom port 0 of 
switching element R(l,l) and top port 0 of switching element R(2,3); moving the connection at 
bottom port 0 of switching element R(l,l) to bottom port 0 of switching element R(iV',3) as shown 
in Fig. 66D; starting bottom port 0 of switching element R(Ar',3) and top port 0 of switching 
element R(2,3); connecting bottom port 0 of switching element R(l,l) to top port 0 of switching 
element R(iV,3) as also shown in Fig. 66D; starting bottom port 0 of switching element R(l,l) 
and top port 0 of switching element R(Ar,3); and stop diverting traffic away from bottom port 0 
of switching element R(l,l) and top port 0 of switching element R(2,3). 

[0420] The sphcing step continues by: diverting traffic away from bottom port 1 of switching 
element R(l,l) and top port 1 of switching element R(2,0); shutting down bottom port 1 of 
switching element R(l,l) and top port 1 of switching element R(2,0); moving the connection at 
bottom port 1 of switching element R(l,l) to bottom port 1 of switching element R{N\0) as shown 
in Fig. 66E; starting bottom port 1 of switching element R{N\0) and top port 1 of switching 
element R(2,0); connecting bottom port 1 of switching element R(l,l) to top port 1 of switching 
element R(iV,0) as also shown in Fig. 66E; starting bottom port 1 of switching element R(l,l) 
and top port 1 of switching element R(Ar,0); and stop diverting traffic away from bottom port 1 
of switching element R(l,l) and top port 1 of switching element R(2,0). 
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[0421] The splicing step continues by: diverting traffic away from bottom port 2 of switching 
element R(l,l) and top port 1 of switching element R(2,l); shutting down bottom port 2 of 
switching element R(l,l) and top port 1 of switching element R(2,l); moving the connection at 
bottom port 2 of switching element R(l,l) to bottom port 1 of switching element R{N\1) as shown 
in Fig. 66F; starting bottom port 1 of switching element R(iV',l) and top port 1 of switching 
element R(2,l); connecting bottom port 2 of switching element R(l,l) to top port 1 of switching 
element R(iV,l) as also shown in Fig, 66F; starting bottom port 2 of switching element R(l,l) 
and top port 1 of switching element R(A/',1); and stop diverting traffic away from bottom port 2 
of switching element R(l,l) and top port 1 of switching element R(2,l). 

[0422] The splicing step continues by: diverting traffic away from bottom port 0 of switching 
element R(l,2) and top port 1 of switching element R(2,2); shutting down bottom port 0 of 
switching element R(l,2) and top port 1 of switching element R(2,2); moving the connection at 
bottom port 0 of switching element R(l,2) to bottom port 1 of switching element R{N\2) as shown 
in Fig. 66G; starting bottom port 1 of switching element R(iV',2) and top port 1 of switching 
element R(2,2); connecting bottom port 0 of switching element R(l,2) to top port 1 of switching 
element R(iV,2) as also shown in Fig. 66G; starting bottom port 0 of switching element R(l,2) 
and top port 1 of switching element R(N,2); and stop diverting traffic away from bottom port 0 
of switching element R(l,2) and top port 1 of switching element R(2,2). 

[0423] The splicing step continues by: diverting traffic away from bottom port 1 of switching 
element R(l,2) and top port 1 of switching element R(2,3); shutting down bottom port 1 of 
switching element R(l,2) and top port 1 of switching element R(2,3); moving the connection at 
bottom port 1 of switching element R(l,2) to bottom port 1 of switching element R(iV',3) as shown 
in Fig. 66H; starting bottom port 1 of switching element R(A^',3) and top port 1 of switching 
element R(2,3); connecting bottom port 1 of switching element R(l,2) to top port 1 of switching 
element R(Ar,3) as also shown in Fig. 66H; starting bottom port 1 of switching element R(l,2) 
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and top port 1 of switching element R(iV,3); and stop diverting traffic away from bottom port 1 
of switching element R(l,2) and top port 1 of switching element R(2,3). 

[0424] The spUcing step continues by: diverting traffic away from bottom port 2 of switching 
element R(l,2) and top port 2 of switching element R(2,0); shutting down bottom port 2 of 
switching element R(l,2) and top port 2 of switching element R(2,0); moving the connection at 
bottom port 2 of switching element R(l,2) to bottom port 2 of switching element R{N'fl) as shown 
in Fig. 661; starting bottom port 2 of switching element R{N'fi) and top port 2 of switching 
element R(2,0); connecting bottom port 2 of switching element R(l,2) to top port 2 of switching 
element R(Ar,0) as also shown in Fig. 661; starting bottom port 2 of switching element R(l,2) 
and top port 2 of switching element R{Nfi); and stop diverting traffic away from bottom port 2 
of switching element R(l,2) and top port 2 of switching element R(2,0). 

[0425] The sphcing step continues by: diverting traffic away from bottom port 0 of switching 
element R(l,3) and top port 2 of switching element R(2,l); shutting down bottom port 0 of 
switching element R(l,3) and top port 2 of switching element R(2,l); moving the connection at 
bottom port 0 of switching element R(l,3) to bottom port 2 of switching element R(Ar',l) as shown 
in Fig. 66J; starting bottom port 2 of switching element R(iV',l) and top port 2 of switching 
element R(2,l); connecting bottom port 0 of switching element R(l,3) to top port 2 of switching 
element R{N,1) as also shown in Fig. 66J; starting bottom port 0 of switching element R(l,3) 
and top port 2 of switching element R(Ar,l); and stop diverting traffic away from bottom port 0 
of switching element R(l,3) and top port 2 of switching element R(2,l). 

[0426] The spUcing step continues by: diverting traffic away from bottom port 1 of switching 
element R(l,3) and top port 2 of switching element R(2,2); shutting down bottom port 1 of 
switching element R(l,3) and top port 2 of switching element R(2,2); moving the connection at 
bottom port 1 of switching element R(l,3) to bottom port 2 of switching element R(Ar',2) as shown 
in Fig. 66K; starting bottom port 2 of switching element R(Ar',2) and top port 2 of switching 
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element R(2,2); connecting bottom port 1 of switching element R(l,3) to top port 2 of switching 
element R(iV,2) as also shown in Fig. 66K; starting bottom port 1 of switching element R(l,3) 
and top port 2 of switching element R(Ar,2); and stop diverting traffic away from bottom port 1 
of switching element R(l,3) and top port 2 of switching element R(2,2). 

[0427] The splicing step continues by: diverting traffic away from bottom port 2 of switching 
element R(l,3) and top port 2 of switching element R(2,3); shutting down bottom port 2 of 
switching element R(l,3) and top port 2 of switching element R(2,3); moving the connection at 
bottom port 2 of switching element R(l,3) to bottom port 2 of switching element R{N\3) as shown 
in Fig. 66L; starting bottom port 2 of switching element R{N\S) and top port 2 of switching 
element R(2,3); connecting bottom port 2 of switching element R(l,3) to top port 2 of switching 
element R(iV,3) as also shown in Fig. 66L; starting bottom port 2 of switching element R(l,3) 
and top port 2 of switching element R(iV,3); and stop diverting traffic away from bottom port 2 
of switching element R(l,3) and top port 2 of switching element R(2,3). 

[0428] With the splicing step completed, the switching network resultant from the upgrade 
process so far as shown in Fig, 66M is compared to the post-reconfiguration switching network. 
The comparison reveals that ISIC networks 7084, 7086, 7088, and 7092 are identical to the post- 
reconfiguration networks 7072, 7074, 7078, and 7080, respectively. Only ISIC network 7090 differs 
from the post-reconfiguration ISIC network shown in 7078, therefore rewiring need only be apphed 
to ISIC network 7090. In this embodiment, the rewiring step begins with the relabeling phase. 
[0429] The relabeling phase begins by scanning top ports from right to left. Switching element 
R(2,2) is connected to bottom port 0 of switching element R(iV',2), but according to Fig. 64, top 
port 1 should be connected to bottom port 0 of switching element R(N',2) instead of top port 0. 
The connections to those ports are swapped as shown in Fig. 67A. 

[0430] The relabeling continues by scanning top ports from right to left Switching element 
R(2,l) is connected to bottom port 2 of switching element R(iV',l), but according to Fig. 64, top 
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port 1 should be connected to bottom port 2 of switching element R(iV',l) instead of top port 2. 
The connections to those ports are swapped as shown in Fig. 67B. 

[0431] This completes the relabeling phase for ISIC network 7090. The upgrade process now 
continues with the port selection phase of the rewiring step. 

[0432] Since all ports are connected, connected ports are checked. Scanning from right to 
left, bottom port 1 of switching element R(iV',3) is selected because it is not connected to its 
corresponding port (according to Fig. 64), top port 2 of switching element R(2,2). Bottom port 
1 of switching element R(A^',3) is connected to top port 1 of switching element R(2,3), and top 
port 2 of switching element R(2,2) is connected to bottom port 2 of switching element R(iV',2). 
The process continues by diverting traffic from bottom port 1 of switching element R(Ar',3) and 
top port 1 of switching element R(2,3); stopping bottom port 1 of switching element R(iV',3) and 
top port 1 of switching element R(2,3); disconnecting bottom port 1 of switching element R(iV',3) 
and top port 1 of switching element R(2,3); diverting traffic from top port 2 of switching element 
R(2,2) and bottom port 2 of switching element R(iV',2); stopping top port 2 of switching element 
R(2,2) and bottom port 2 of switching element R(A/^',2); disconnecting top port 2 of switching 
element R(2,2) and bottom port 2 of switching element R(JV',2) and moving the disconnected 
connection to bottom port 1 of switching element R(iV',3) as shown in Fig. 67C; starting bottom 
port 1 of switching element R(iV',3) and top port 2 of switching element R(2,2); and stop diverting 
the traffic from bottom port 1 of switching element R(iV',3) and top port 2 of switching element 
R(2,2). Scanning from right to left, no port, top or bottom, has a corresponding port which is 
not connected. Again, scanning from right to left, top port 1 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 64, a corresponding port of bottom port 1 of 
switching element R(iV',2). Bottom port 1 of switching element R(iV',2) is currently connected to 
top port 0 of switching element R(2,2). The breaking this connection introduces a second broken 
connection to R{N\2), so top port 1 of switching element R(2,3) is not selected. Continuing to 
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scan from right to left, bottom port 2 of switching element R{N\2) is not connected to anything 
and has, according to Fig. 64, a corresponding port of top port 2 of switching element R(2,0). Top 
port 2 of switching element R(2,0) is currently connected to bottom port 2 of switching element 
R(Ar',0). The breaking of this connection does not leave switching element R(iV',0) or switching 
element R(2,0) with more than one broken connection. This completes the selection process for 
this step. 

[0433] With bottom port 2 of switching element R(iV',2) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(2,0), is connected to bottom port 2 of switching 
element R(iV',0), the rewiring step by diverting traffic from top port 2 of switching element R(2,0) 
and bottom port 2 of switching element R(iV',0); stopping top port 2 of switching element R(2,0) 
and bottom port 2 of switching element R(Ar'iO); disconnecting top port 2 of switching element 
R(2,0) and bottom port 2 of switching element R(iV',0) and moving the disconnected connection 
to bottom port 2 of switching element R{N\2) as shown in Fig. 67D; starting bottom port 2 
of switching element R(iV',2) and top port 2 of switching element R(2,0); and stop diverting the 
traffic from bottom port 2 of switching element R(Ar',2) and top port 2 of switching element R(2,0). 
[0434] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(2,3) 
is not connected to anything and has, according to Fig. 64, a corresponding port of bottom 
port 1 of switching element R{N\2). Bottom port 1 of switching element R(JV',2) is currently 
connected to top port 0 of switching element R(2,2). The breaking of this connection does not 
leave switching element R{N\2) or switching element R(2,2) with more than one broken connection. 
This completes the selection process for this step. 

[0435] With top port 1 of switching element R(2,3) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(iV',2), is connected to top port 0 of switching 
element R(2,2), the rewiring step by diverting traffic from bottom port 1 of switching element 
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R{N\2) and top port 0 of switching element R(2,2); stopping bottom port 1 of switching element 
R(iV',2) and top port 0 of switching element R(2,2); disconnecting bottom port 1 of switching ele- 
ment R(iV',2) and top port 0 of switching element R(2,2) and moving the disconnected connection 
to top port 1 of switching element R(2,3) as shown in Fig. 67E; starting top port 1 of switching 
element R(2,3) and bottom port 1 of switching element R{N\2)] and stop diverting the traffic from 
top port 1 of switching element R(2,3) and bottom port 1 of switching element R(i\r',2). 
[0436] The process continues by selecting top port 0 of switching element R(2,2) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 64) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(2,2) and bottom port 2 of switching element 
R(iV',0) as shown in Fig. 67F; starting top port 0 of switching element R(2,2) and bottom port 2 
of switching element R(iNr',0); and stop diverting the traffic from top port 0 of switching element 
R(2,2) and bottom port 2 of switching element R(A^',0). 

[0437] Since all ports are connected, connected ports are checked. Scanning from right to 
left, bottom port 0 of switching element K{N\3) is selected because it is not connected to its 
corresponding port (according to Fig. 64), top port 2 of switching element R(2,l)! Bottom port 
0 of switching element R(iV',3) is connected to top port 0 of switching element R(2,3), and top 
port 2 of switching element R(2,l) is connected to bottom port 1 of switching element R{N\l). 
The process continues by diverting traffic from bottom port 0 of switching element R{N\3) and 
top port 0 of switching element R(2,3); stopping bottom port 0 of switching element R(iV',3) and 
top port 0 of switching element R(2,3); disconnecting bottom port 0 of switching element R(A^', 3) 
and top port 0 of switching element R(2,3); diverting traffic from top port 2 of switching element 
R(2,l) and bottom port 1 of switching element R{N\1)] stopping top port 2 of switching element 
R(2,l) and bottom port 1 of switching element R{N\l); disconnecting top port 2 of switching 
element R(2,l) and bottom port 1 of switching element R(iV',l) and moving the disconnected 
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connection to bottom port 0 of switching element R(iV',3) as shown in Fig. 67G; starting bottom 
port 0 of switching element R(Ar',3) and top port 2 of switching element R(2,l); and stop diverting 
the traffic from bottom port 0 of switching element R(iV',3) and top port 2 of switching element 
R(2,l). Scanning from right to left, no port, top or bottom, has a corresponding port which is 
not connected. Again, scanning from right to left, top port 0 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 64, a corresponding port of bottom port 0 of 
switching element R{N'jl), Bottom port 0 of switching element R(iV',l) is currently connected to 
top port 0 of switching element R(2,l). The breaking this connection introduces a second broken 
connection to R(iV',l), so top port 0 of switching element R(2,3) is not selected. Continuing to 
scan from right to left, bottom port 1 of switching element R(A^',1) is not connected to anything 
and has, according to Fig. 64, a corresponding port of top port 1 of switching element R(2,0). Top 
port 1 of switching element R(2,0) is currently connected to bottom port 1 of switching element 
R(iV',0). The breaking of this connection does not leave switching element R(Ar',0) or switching 
element R(2,0) with more than one broken connection. This completes the selection process for 
this step. 

[0438] With bottom port 1 of switching element R{N\1) selected aiid recalling that its corre- 
sponding port, top port 1 of switching element R(2,0), is connected to bottom port 1 of switching 
element R(iV',0), the rewiring step by diverting traffic from top port 1 of switching element R(2,0) 
and bottom port 1 of switching element R{N\0)] stopping top port 1 of switching element R(2,0) 
and bottom port 1 of switching element R(iV',0); disconnecting top port 1 of switching element 
R(2,0) and bottom port 1 of switching element R(JV',0) and moving the disconnected connection 
to bottom port 1 of switching element R{N\1) as shown in Fig. 67H; starting bottom port 1 
of switching element R(iV',l) and top port 1 of switching element R(2,0); and stop diverting the 
traffic from bottom port 1 of switching element R{N\l) and top port 1 of switching element R(2,0). 
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[0439] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(2,3) 
is not connected to anything and has, according to Fig. 64, a corresponding port of bottom 
port 0 of switching element R(iV',l). Bottom port 0 of switching element R(iV',l) is currently 
connected to top port 0 of switching element R(2,l). The breaking of this connection does not 
leave switching element R{N\1) or switching element R(2,l) with more than one broken connection. 
This completes the selection process for this step, 

[0440] With top port 0 of switching element R(2,3) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(iV',l), is connected to top port 0 of switching 
element R(2,l), the rewiring step by diverting traffic from bottom port 0 of switching element 
R(JV',1) and top port 0 of switching element R(2,l); stopping bottom port 0 of switching element 
R(Ar',l) and top port 0 of switching element R(2,l); disconnecting bottom port 0 of switching ele- 
ment R(iV',l) and top port 0 of switching element R(2,l) and moving the disconnected connection 
to top port 0 of switching element R(2,3) as shown in Fig. 671; starting top port 0 of switching 
element R(2,3) and bottom port 0 of switching element R(A^^l); and stop diverting the traffic from 
top port 0 of switching element R(2,3) and bottom port 0 of switching element R(Ar',l). 
[0441] The process continues by selecting top port 0 of switching element R(2,l) because 
scanning from right to left, it is the ffrst port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 64) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(2,l) and bottom port 1 of switching element 
R(iV',0) as shown in Fig. 67 J; starting top port 0 of switching element R(2,l) and bottom port 1 
of switching element R(iV',0); and stop diverting the traffic from top port 0 of switching element 
R(2,l) and bottom port 1 of switching element R(Ar',0). 

[0442] This completes the rewiring step. Since this upgrade example does not introduce 
additional external ports, this also completes the upgrade process. 

112 



[0443] Fig. 68 shows a 30-port 4 stage pre-reconfiguration balanced RBCCG multistage 
switching network 7100. The hatched areas represent the location on each switching element 
where new ports that can be added. For example, one embodiment of the addition of ports is 
through the addition of new line cards to a router. In addition, the width is also expanded by the 
addition of a new column 7101 of switching elements, R(*,5). Fig. 69 shows the 48-port 4 stage 
post-reconfigiuration balanced RBCCG multistage switching network. Since the reconfiguration 
process is an upgrade process, no external ports are disconnected during this process. 

[0444] Proceeding to the pre-connection step, according to the post-reconfiguration architec- 
ture shown in Fig. 69, the following connections can be established without disrupting existing 
connections: bottom port 3 of switching element R(0,5) to top port 3 of switching element R(l,5); 
bottom port 2 of switching element R(0,5) to top port 3 of switching element R(l,4); bottom port 1 
of switching element R(0,5) to top port 3 of switching element R(l,3); bottom port 0 of switching 
element R(0,5) to top port 3 of switching element R(l,2); bottom port 3 of switching element 
R(0,4) to top port 3 of switching element R(l,l); bottom port 3 of switching element R(0,2) to 
top port 1 of switching element R(l,5); bottom port 3 of switching element R(l,5) to top port 3 
of switching element R(2,5); bottom port 2 of switching element R(l,5) to top port 3 of switching 
element R(2,4); bottom port 1 of switching element R(l,5) to top port 3 of switching element 
R(2,3); bottom port 0 of switching element R(l,5) to top port 3 of switching element R(2,2); bot- 
tom port 3 of switching element R(l,4) to top port 3 of switching element R(2,l); bottom port '3 
of switching element R(l,2) to top port 1 of switching element R(2,5); bottom port 3 of switching 
element R(2,5) to top port 3 of switching element R(3,5); bottom port 2 of switching element 
R(2,5) to top port 3 of switching element R(3,4); bottom port 1 of switching element R(2,5) to 
top port 3 of switching element R(3,3); bottom port 0 of switching element R(2,5) to top port 3 
of switching element R(3,2); bottom port 3 of switching element R(2,4) to top port 3 of switching 
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element R(3,l); and bottom port 3 of switching element R(2,2) to top port 1 of switching element 
R(3,5). The result is shown in Fig. 70. 

[0445] With the new connection in place the upgrade process moves to the rewiring step, 
because there are no new stages of switching elements that require splicing, the spUcing step is 
skipped. 

[0446] Before proceeding to the rewiring step, it should be noted that ISIC networks 7112, 
7114, and 7116 are identical in the pre-reconfiguration switching network shown in Fig. 69. Also, 
ISIC networks 7102, 7104, and 7106 are identical in the post-reconfiguration switching network 
shown in Fig. 70. Because they are identical, one normally would apply the identical rewiring 
procedure to each of the ISIC networks. However, for the purposes of illustrating the variety of 
options the reconfiguration process set forth here affords, ISIC network 7114 is rewired without 
the benefit of relabeling, whereas ISIC network 7112 is rewired with the benefit of rewiring. 
[0447] To begin with, the middlemost ISIC network 7114 is selected and is rewired without 
the benefit of relabeling. The upgrade process now continues with the port selection phase of the 
rewiring step. 

[0448] Scanning fi:om right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 2 of switching element R(2,5) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 1 of 
switching element R(l,4). Bottom port 1 of switching element R(l,4) is currently connected to 
top port 2 of switching element R(2,3). The breaking of this connection does not leave switching 
element R(l,4) or switching element R(2,3) with more than one broken connection. This completes 
the selection process for this step. 

[0449] With top port 2 of switching element R(2,5) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(.l,4), is connected to top port 2 of switching element 
R(2,3), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
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R(l,4) and top port 2 of switching element R(2,3); stopping bottom port 1 of switching element 
R(l,4) and top port 2 of switching element R(2,3); disconnecting bottom port 1 of switching ele- 
ment R(l,4) and top port 2 of switching element R(2,3) and moving the disconnected connection 
to top port 2 of switching element R(2,5) as shown in Fig. 71 A; starting top port 2 of switching 
element R(2,5) and bottom port 1 of switching element R(l,4); and stop diverting the traffic from 
top port 2 of switching element R(2,5) and bottom port 1 of switching element R(l,4). 

[0450] The rewiring step continues by selecting bottom port 3 of switching element R(l,3) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 69) is also not connected to anything; establishing 
a new connection between bottom port 3 of switching element R(l,3) and top port 2 of switching 
element R(2,3) as shown in Fig, 71B; starting bottom port 3 of switching element R(l,3) and top 
port 2 of switching element R(2,3); and stop diverting the traffic from bottom port 3 of switching 
element R(l,3) and top port 2 of switching element R(2,3). 

[0451] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(2,5) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 1 of 
switching element R(l,l). Bottom port 1 of switching element R(l,l) is currently connected to 
top port 0 of switching element R(2,4). The breaking this connection introduces a second broken 
connection to R(l,l), so top port 0 of switching element R(2,5) is not selected. Continuing to scan 
from right to left, bottom port 3 of switching element R(l,l) is not connected to anything and has, 
according to Fig. 69, a corresponding port of top port 1 of switching element R(2,l). Top port 1 of 
switching element R(2,l) is currently connected to bottom port 0 of switching element R(l,2). The 
breaking of this connection does not leave switching element R(l,2) or switching element R(2,l) 
with more than one broken connection. This completes the selection process for this step. 
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[0452] With bottom port 3 of switching element R(l,l) selected and recalling that its corre- 
sponding port, top port 1 of switching element R(2,l), is connected to bottom port 0 of switching 
element R(l,2), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(2,l) and bottom port 0 of switching element R(l,2); stopping top port 1 of switching 
element R(2,l) and bottom port 0 of switching element R(l,2); disconnecting top port 1 of switch- 
ing element R(2,l) and bottona port 0 of switching element R(l,2) and moving the disconnected 
connection to bottom port 3 of switching element R(l,l) as shown in Fig. 71C; starting bottom 
port 3 of switching element R(l,l) and top port 1 of switching element R(2,l); and stop diverting 
the traffic from bottom port 3 of switching element R(l,l) and top port 1 of switching element 
R(2,l). 

[0453] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(2,5) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 1 of 
switching element R(l,l). Bottom port 1 of switching element R(l,l) is currently connected to 
top port 0 of switching element R(2,4). The breaking of this connection does not leave switching 
element R(l,l) or switching element R(2j4) with more than one broken connection. This completes 
the selection process for this step. 

[0454] With top port 0 of switching element R(2,5) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(l,l), is connected to top port 0 of switching element 
R(2,4), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(l,l) and top port 0 of switching element R(2,4); stopping bottom port 1 of switching element 
R(l,l) and top port 0 of switching element R(2,4); disconnecting bottom port 1 of switching ele- 
ment R(l,l) and top port 0 of switching element R(2,4) and moving the disconnected connection 
to top port 0 of switching element R(2,5) as shown in Fig. 71D; starting top port 0 of switching 
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element R(2,5) and bottom port 1 of switching element R(l,l); and stop diverting the traffic from 
top port 0 of switching element R(2,5) and bottom port 1 of switching element R(l,l). 
[0455] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(2,4) is not 
connected to anything and has, according to Fig, 69, a corresponding port of bottom port 0 of 
switching element R(l,l). Bottom port 0 of switching element R(l,l) is currently connected to 
top port 0 of switching element R(2,3). The breaking of this connection does not leave switching 
element R(l,l) or switching element R(2,3) with more than one broken connection. This completes 
the selection process for this step. 

[0456] With top port 0 of switching element R(2,4) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(l,l), is connected to top port 0 of switching element 
R(2,3), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(l,l) and top port 0 of switching element R(2,3); stopping bottom port 0 of switching element 
R(l,l) and top port 0 of switching element R(2,3); disconnecting bottom port 0 of switching ele- 
ment R(l,l) and top port 0 of switching element R(2,3) and moving the disconnected connection 
to top port 0 of switching element R(2,4) as shown in Fig. 71E; starting top port 0 of switching 
element R(2,4) and bottom port 0 of switching element R(l,l); and stop diverting the traffic from 
top port 0 of switching element R(2,4) and bottom port 0 of switching element R(l,l). 
[0457] The rewiring step continues by selecting top port 0 of switching element R(2,3) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 69) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(2,3) and bottom port 3 of switching element 
R(1,0) as shown in Fig. 71F; starting top port 0 of switching element R(2,3) and bottom port 3 
of switching element R(1,0); and stop diverting the traffic from top port 0 of switching element 
R(2,3) and bottom port 3 of switching element R(1,0). 
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[0458] Scanning from right to left, no port, top or bottom, has a corresponding port which is 
not connected. Again, scanning from right to left, bottom port 0 of switching element R(l,2) is not 
connected to anything and has, according to Fig. 69, a corresponding port of top port 1 of switching 
element R(2,2). Top port 1 of switching element R(2,2) is cm-rently connected to bottom port 1 of 
switching element R(l,2). The breaking this connection introduces a second broken connection to 
R(l,2), so bottom port 0 of switching element R(l,2) is not selected. Continuing to scan from right 
to left, top port 3 of switching element R(2,0) is not connected to anything and has, according to 
Fig. 69, a corresponding port of bottom port 2 of switching element R(l,4). Bottom port 2 of 
switching element R(l,4) is currently connected to top port 2 of switching element R(2,4). The 
breaking of this connection does not leave switching element R(l,4) or switching element R(2,4) 
with more than one broken cormection. This completes the selection process for this step. 
[0459] With top port 3 of switching element R(2,0) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(l,4), is connected to top port 2 of switching element 
R(2,4), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(l,4) and top port 2 of switching element R(2,4); stopping bottom port 2 of switching element 
R(l,4) and top port 2 of switching element R(2,4); disconnecting bottom port 2 of switching ele- 
ment R(l,4) and top port 2 of switching element R(2,4) and moving the disconnected connection 
to top port 3 of switching element R(2,0) as shown in Fig. 71G; starting top port 3 of switching 
element R(2,0) and bottom port 2 of switching element R(l,4); and stop diverting the traffic from 
top port 3 of switching element R(2,0) and bottom port 2 of switching element R(l,4). 
[0460] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 2 of switching element R(2,4) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 0 of 
switching element R(l,4). Bottom port 0 of switching element R(l,4) is currently connected to 
top port 2 of switching element R(2,2). The breaking of this connection does not leave switching 
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element R(l,4) or switching element R(2,2) with more than one broken connection. This completes 
the selection process for this step, 

[0461] With top port 2 of switching element R(2,4) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(l,4), is connected to top port 2 of switching element 
R(2,2), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(l,4) and top port 2 of switching element R(2,2); stopping bottom port 0 of switching element 
R(l,4) and top port 2 of switching element R(2,2); disconnecting bottom port 0 of switching ele- 
ment R(l,4) and top port 2 of switching element R(2,2) and moving the disconnected connection 
to top port 2 of switching element R(2,4) as shown in Fig. 71H; starting top port 2 of switching 
element R(2,4) and bottom port 0 of switching element R(l,4); and stop diverting the traffic from 
top port 2 of switching element R(2,4) and bottom port 0 of switching element R(l,4).. 
[0462] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 2 of switching element R(2,2) is not 
connected to anything and has, according to Pig. 69, a corresponding port of bottom port 2 of 
switching element R(l,3). Bottom port 2 of switching element R(l,3) is currently connected to 
top port 2 of switching element R(2,l). The breaking of this connection does not leave switching 
element R(l,3) or switching element R(2,l) with more than one broken connection. This completes 
the selection process for this step. 

[0463] With top port 2 of switching element R(2,2) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(l,3), is connected to top port 2 of switching element 
R(2,l), the rewiring step continues by diverting traffic from bottom port 2 of switching -element 
R(l,3) and top port 2 of switching element R(2,l); stopping bottom port 2 of switching element 
R(l,3) and top port 2 of switching element R(2,l); disconnecting bottom port 2 of switching ele- 
ment R(l,3) and top port 2 of switching element R(2,l) and moving the disconnected connection 
to top port 2 of switching element R(2,2) as shown in Fig. 711; starting top port 2 of switching 
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element R(2,2) and bottom port 2 of switching element R(l,3); and stop diverting the traffic from 
top port 2 of switching element R(2,2) and bottom port 2 of switching element R(l,3). 
[0464] Scanning from right to left, no port, top or bottom, has a corresponding port which is 
not connected. Again, scanning from right to left, bottom port 0 of switching element R(l,2) is not 
connected to anything and has, according to Fig. . 69, a corresponding port of top port 1 of switching 
element R(2,2). Top port 1 of switching element R(2,2) is currently connected to bottom port 1 of 
switching element R(l,2). The breaking this connection introduces a second broken connection to 
R(l,2), so bottom port 0 of switching element R(l,2) is not selected. Continuing to scan from right 
to left, top port 2 of switching element R(2,l) is not connected to anything and has, according to 
Fig. 69, a corresponding port of bottom port 1 of switching element R(l,3). Bottom port 1 of 
switching element R(l,3) is currently connected to top port 2 of switching element R(2,0). The 
breaking of this connection does not leave switching element R(l,3) or switching element R(2,0) 
with more than one broken connection. This completes the selection process for this step. 
[0465] With top port 2 of switching element R(2,l) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(l,3), is connected to top port 2 of switching element 
R(2,0), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(l,3) and top port 2 of switching element R(2,0); stopping bottom port 1 of switching element 
R(l,3) and top port 2 of switching element R(2,0); disconnecting bottom port 1 of switching ele- 
ment R(l,3) and top port 2 of switching element R(2,0) and moving the disconnected connection 
to top port 2 of switching element R(2,l) as shown in Fig. 71J; starting top port 2 of switching 
element R(2,l) and bottom port 1 of switching element R(l,3); and stop diverting the traffic from 
top port 2 of switching element R(2,l) and bottom port 1 of switching element R(l,3). 
[0466] Scanning from right to left, no port, top or bottom, has a corresponding port which is 
not connected. Again, scanning from right to left, bottom port 0 of switching element R(l,2) is not 
connected to anything and has, according to Fig. 69, a corresponding port of top port 1 of switching 
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element R(2,2). Top port 1 of switching element R(2,2) is currently connected to bottom port 1 of 
switching element R(l,2). The breaking this connection introduces a second broken connection to 
R(l,2), so bottom port 0 of switching element R(l,2) is not selected. Continuing to scan from right 
to left, top port 2 of switching element R(2,0) is not connected to anything and has, according to 
Fig. 69, a corresponding port of bottom port 0 of switching element R(l,3). Bottom port 0 of 
switching element R(l,3) is currently connected to top port 1 of switching element R(2,4). The 
breaking of this connection does not leave switching element R(l,3) or switching element R(2,4) 
with more than one broken connection. This completes the selection process for this step. 
[0467] With top port 2 of switching element R(2,0) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(l,3), is connected to top port 1 of switching element 
R(2,4), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(l,3) and top port 1 of switching element R(2,4); stopping bottom port 0 of switching element 
R(l,3) and top port 1 of switching element R(2,4); disconnecting bottom port 0 of switching ele- 
ment R(l,3) and top port 1 of switching element R(2,4) and moving the disconnected connection 
to top port 2 of switching element R(2,0) as shown in Fig. 71K; starting top port 2 of switching 
element R(2,0) and bottom port 0 of switching element R(l,3); and stop diverting the traffic from 
top port 2 of switching element R(2,0) and bottom port 0 of switching element R(l,3). 
[0468] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(2,4) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 2 of 
switching element R(l,2). Bottom port 2 of switching element R(l,2) is currently connected to 
top port 1 of switching element R(2,3). The breaking this connection introduces a second broken 
connection to R(l,2), so top port 1 of switching element R(2,4) is not selected. Continuing to scan 
from right to left, bottom port 0 of switching element R(l,2) is not connected to anything and has, 
according to Fig. 69, a corresponding port of top port 1 of switching element R(2,2). Top port 1 
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of switching element R(2,2) is currently connected to bottom port 1 of switching element R(l,2). 
The breaking this connection introduces a second broken connection to R(l,2), so bottom port 0 
of switching element R(l,2) is not selected. Since none of the ports that are not connected satisfy 
the second port selection criterion, the selection process continues by selecting the rightmost port 
not connected to anything, that is top port 1 of switching element R(2,4). 

[0469] With top port 1 of switching element R(2,4) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(l,2), is connected to top port 1 of switching element 
R(2,3), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(l,2) and top port 1 of switching element R(2,3); stopping bottom port 2 of switching element 
R(l,2) and top port 1 of switching element R(2,3); disconnecting bottom port 2 of switching ele- 
ment R(l,2) and top port 1 of switching element R(2,3) and moving the disconnected connection 
to top port 1 of switching element R(2,4) as shown in Fig. 71L; starting top port 1 of switching 
element R(2,4) and bottom port 2 of switching element R(l,2); and stop diverting the traffic from 
top port 1 of switching element R(2,4) and bottom port 2 of switching element R(l,2). 
[0470] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 1 of 
switching element R(l,2), Bottom port 1 of switching element R(l,2) is currently connected to 
top port 1 of switching element R(2,2). The breaking this connection introduces a second broken 
connection to R(l,2), so top port 1 of switching element R(2,3) is not selected. Continuing to scan 
from right to left, bottom port 0 of switching element R(l,2) is not connected to anything and has, 
according to Fig. 69, a corresponding port of top port 1 of switching element R(2,2). Top port 1 
of switching element R(2,2) is currently connected to bottom port 1 of switching element R(l,2). 
The breaking this connection introduces a second broken connection to R(l,2), so bottom port 0 
of switching element R(l,2) is not selected. Since none of the ports that are not connected satisfy 
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the second port selection criterion, the selection process continues by selecting the rightmost port 
not connected to anything; that is top port 1 of switching element R(2,3). 

[0471] With top port 1 of switching element R(2,3) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(l;2), is connected to top port 1 of switching element 
R(2,2), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(l,2) and top port 1 of switching element R(2,2); stopping bottom port 1 of switching element 
R(l,2) and top port 1 of switching element R(2,2); disconnecting bottom port 1 of switching ele- 
ment R(l,2) and top port 1 of switching element R(2,2) and moving the disconnected connection 
to top port 1 of switching element R(2,3) as shown in Fig. 71M; starting top port 1 of switching 
element R(2,3) and bottom port 1 of switching element R(l,2); and stop diverting the traffic from 
top port 1 of switching element R(2,3) and bottom port 1 of switching element R(l,2). 

[0472] The rewiring step continues by selecting top port 1 of switching element R(2,2) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 69) is also not connected to anything; establishing a new 
connection between top port 1 of switching element R(2,2) and bottom port 0 of switching element 
R(l,2) as shown in Fig. 71N; starting top port 1 of switching element R(2,2) and bottom port - 
0 of switching element R(l,2); and stop diverting the traffic from top port 1 of switching element 
R(2,2) and bottom port 0 of switching element R(l,2). 

[0473] With the rewiring of ISIC network 7114 complete, the upgrade process continues to the 
next ISIC network. Since both ISIC networks 7112 and 7114 are equally distant from the middle, 
either one can be selected. For the purposes here, ISIC network 7112 is arbitrarily selected for 
rewiring. For ISIC network 7112, the relabeling phase of the rewiring process is performed first. 

[0474] The relabehng phase begins by scanning bottom ports from left to right. Switching 
element R(0,1) is connected to R(l,4), but according to Fig. 69, bottom port 0 should be connected 
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to R(l,4) instead of bottom port 1. The connections to those ports are swapped as shown in 
Fig. 72A. 

[0475] . The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,2) is connected to R(l,2), but according to Fig, 69, bottom port 0 should be connected 
to R(l,2) instead of bottom port 1, The connections to those ports are swapped as shown in 
Fig. 72B. 

[0476] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,2) is connected to R(l,3), but according to Fig. 69, bottom port 1 should be connected 
to R(l53) instead of bottom port 2. The connections to those ports are swapped as shown in 
Fig. 72C. 

[0477] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,3) is connected to R(1,0), but according to Fig. 69, bottom port 0 should be connected 
to R(1,0) instead of bottom port 1. The connections to those ports are swapped as shown in 
Fig. 72D. 

[0478] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,3) is connected to R(l,l), but according to Fig. 69, bottom port 1 should be connected 
to R(l,l) instead of bottom port 2. The connections to those ports are swapped as shown in 
Fig. 72E. 

[0479] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,4) is connected to R(l,4), but according to Fig. 69, bottom port 0 should be connected 
to R(l,4) instead of bottom port 2. The connections to those ports are swapped as shown in 
Fig. 72F. 

[0480] This completes the relabeling relabeUng phase for ISIC 7112. The upgrade process 
now continues with the port selection phase of the rewiring step. 
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[0481] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 2 of switching element R(l,5) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 1 of 
switching element R(0,4). Bottom port 1 of switching element R(0,4) is currently connected to 
top port 2 of switching element R(l,3). The breaking of this connection does not leave switching 
element R(0,4) or switching element R(l,3) with more than one broken connection. This completes 
the selection process for this step. 

[0482] With top port 2 of switching element R(l,5) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(0,4), is connected to top port 2 of switching element 
R(l,3), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(0,4) and top port 2 of switching element R(l,3); stopping bottom port 1 of switching element 
R(0,4) and top port 2 of switching element R(l,3); disconnecting bottom port 1 of switching ele- 
ment R(0,4) and top port 2 of switching element R(l,3) and moving the disconnected connection 
to top port 2 of switching element R(l,5) as shown in Fig. 72G; starting top port 2 of switching 
element R(l,5) and bottom port 1 of switching element R(0,4); and stop diverting the traffic from 
top port 2 of switching element R(l,5) and bottom port 1 of switching element R(0,4). 
[0483] The rewiring step continues by selecting bottom port 3 of switching element R(0,3) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 69) is also not connected to anything; establishing 
a new connection between bottom port 3 of switching element R(0,3) and top port 2 of switching 
element R(l,3) as shown in Fig. 72H; starting bottom port 3 of switching element R(G,3) and top 
port 2 of switching element R(l,3); and stop diverting the traffic from bottom port 3 of switching 
element R(0,3) and top port 2 of switching element R(l,3). 

[0484] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(l,5) is not 
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connected to anything and has, according to Fig. 69, a corresponding port of bottom port 1 of 
switching element R(0,1). Bottom port 1 of switching element R(0,1) is currently connected to 
top port 0 of switching element R(l,3). The breaking this connection introduces a second broken 
connection to R(0,1), so top port 0 of switching element R(l,5) is not selected. Continuing to scan 
from right to left, bottom port 3 of switching element R(0,1) is not connected to anything and has, 
according to Fig. 69, a corresponding port of top port 1 of switching element R(l,l). Top port 1 of 
switching element R(l,l) is currently connected to bottom port 2 of switching element R(0,2). The 
breaking of this connection does not leave switching element R(0,2) or switching element R(l,l) 
with more than one broken connection. This completes the selection process for this step. 

[0485] With bottom port 3 of switching element R(0,1) selected and recalUng that its corre- 
sponding port, top port 1 of switching element R(l,l), is connected to bottom port 2 of switching 
element R(0,2), the rewiring step continues by diverting traffic from -top port 1 of switching el- 
ement R(l,l) and bottom port 2 of switching element R(0,2); stopping top port 1 of switching 
element R(l,l) and bottom port 2 of switching element R(0,2); disconnecting top port 1 of switch- 
ing element R(l,l) and bottom port 2 of switching element R(0,2) and moving the disconnected 
connection to bottom port 3 of switching element R(0,1) as shown in Fig. 721; starting bottom 
port 3 of switching element R(0,1) and top port 1 of switching element R(l,l); and stop diverting 
the traffic from bottom port 3 of switching element R(0,1) and top port 1 of switching element 
R(l,l). 

[0486] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(l,5) is not 
connected to anything and has, according to Fig. 69, a corresponding port of bottom port 1 of 
switching element R(0,1). Bottom port 1 of switching element R(0,1) is currently connected to 
top port 0 of switching element R(l,3). The breaking of this connection does not leave switching 
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element R(0,1) or switching element R(l,3) with more than one broken connection. This completes 
the selection process for this step. 

[0487] With top port 0 of switching element R(l,5) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(0,1), is connected to top port 0 of switching element 
R(l,3), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(0,1) and top port 0 of switching element R(l,3); stopping bottom port 1 of switching element 
R(0,1) and top port 0 of switching element R(l,3); disconnecting bottom port 1 of switching ele- 
ment R(0,1) and top port 0 of switching element R(l,3) and moving the disconnected connection 
to top port 0 of switching element R(l,5) as shown in Fig. 72J; starting top port 0 of switching 
element R(l,5) and bottom port 1 of switching element R(0,1); and stop diverting the traffic from 
top port 0 of switching element R(l,5) and bottom port 1 of switching element R(0,1). 
[0488] The rewiring step continues by selecting top port 0 of switching element R(l,3) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 69) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(l,3) and bottom port 3 of switching element 
R(0,0) as shown in Fig. 72K; starting top port 0 of switching element R(l,3) and bottom port 
3 of switching element R(0,0); and stop diverting the traffic from top port 0 of switching element 
R(l,3) and bottom port 3 of switching element R(0,0). 

,[0489] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 2 of switching element R(0,2) 
is not connected to anything and has, according to Fig. 69, a corresponding port of top port 
1 of switching element R(l,4). Top port 1 of switching element R(l,4) is currently connected 
to bottom port 2 of switching element R(0,3). The breaking of this connection does not leave 
switching element R(0,3) or switching element R(l,4) with more than one broken connection. This 
completes the selection process for this step. 
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[0490] With bottom port 2 of switching element R(0,2) selected and recalling that its corre- 
sponding port, top port 1 of switching element R(l,4), is connected to bottom port 2 of switching 
element R(0,3), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(l,4) and bottom port 2 of switching element R(0,3); stopping top port 1 of switching 
element R(l,4) and bottom port 2 of switching element R(0,3); disconnecting top port 1 of switch- 
ing element R(l,4) and bottom port 2 of switching element R(0,3)'and moving the disconnected 
connection to bottom port 2 of switching element R(0,2) as shown in Fig, 72L; starting bottom 
port 2 of switching element R(0,2) and top port 1 of switching element R(l54); and stop diverting 
the traffic from bottom port 2 of switching element R(0,2) and top port 1 of switching element 
R(l,4). 

[0491] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 2 of switching element R(G,3) 
is not connected to anything and has, according to Fig. 69, a corresponding port of top port 
2 of switching element R(l,2). Top port 2 of switching element R(l,2) is cmxently connected 
to bottom port 2 of switching element R(0,4). The breaking of this connection does not leave 
switching element R(0,4) or switching element R(l,2) with more than one broken connection. This 
completes the selection process for this step. 

[0492] With bottom port 2 of switching element R(0,3) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(l,2), is connected to bottom port 2 of switching 
element R(0,4), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(l,2) and bottom port 2 of switching element R(0,4); stopping top port 2 of switching 
element R(l,2) and bottom port 2 of switching element R(0,4); disconnecting top port 2 of switch- 
ing element R(l,2) and bottom port 2 of switching element R(0,4) and moving the disconnected 
connection to bottom port 2 of switching element R(G,3) as shown in Fig. 72M; starting bottom 
port 2 of switching element R(0,3) and top port 2 of switching element R(l,2); and stop diverting 
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the traffic from bottom port 2 of switching element R(0,3) and top port 2 of switching element 
R(l,2). 

[0493] The rewiring step continues by selecting bottom port 2 of switching element R(0,4) 
because scanning from right to left, it is the first port bottom or top not connected to suaything and 
whose corresponding port (according to Fig. 69) is also not connected to anything; establishing 
a new connection between bottom port 2 of switching element R(0,4) and top port 3 of switching 
element R(1,0) as shown in Fig. 72N; starting bottom port 2 of switching element R(0,4) and top 
port 3 of switching element R(1,0); and stop diverting the traffic from bottom port 2 of switching 
element R(0,4) and top port 3 of switching element R(1,0). 

[0494] With the rewiring of ISIC network 7112 completed, the remaining ISIC network 7116 
is to be rewired next. Since it is identical to ISIC network 7112 and 7114, either rewiring procedure 
can be employed as well as other variations offered by the reconfiguratioia process set forth above,. 
The result of applying either rewiring procedure or another embodiment of the rewiring step for 
a single ISIC network results in the switching network shown in Fig. 72 O. With the rewiring 
complete, the new external port 7220, 7222, 7224, 7226, 7228, 7230, 7232, 7234, 7236, 7238, 7240, 
and 7242 can now be activated and new traffic can be diverted to them. 

[0495] Fig. 73 shows a 36-port 4 stage pre-reconfiguration balanced RBCCG multistage 
switching network. The hatched areas represent the location on each switching elements where 
new ports that can be added. For example, one embodiment of the addition of ports is through 
the addition of new line cards to a router. These are typically the addition of new line cards of 
routers, but can be any equivalent mechanism. Additionally, a column 7152 of switching elements 
is to be removed. The example set forth here shows a realistic reconfiguration scenario, wherein 
the fanout is increased and the width is reduced. Furthermore, the hardware enabling the ports in 
switching elements R(*,5) which are being removed can be reused as part of the fanout upgrade. 
Fig. 74 shows the 40-port 4 stage post-reconfiguration balanced RBCCG multistage switching 
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network. Since switching elements R(*j5) are to be removed, the first step is to disconnect the 
external ports 7154 and 7156 as indicated in Fig. 73. The result of the disconnection is shown in 
Fig. 75. 

[0496] Proceeding to the pre-connection step, according to the post-reconfiguration architec- 
ture shown in Fig. 74, the following connections can be established without disrupting existing 
connections: bottom port 3 of switching element R(0,4) to top port 3 of switching element R(l,4); 
bottom port 3 of switching element R(0,3) to top port 3 of switching element R(1,0); bottom port 3 
of switching element R(l,4) to top port 3 of switching element R(2,4); bottom port 3 of switching 
element R(l,3) to top port 3 of switching element R(2,0); bottom port 3 of switching element 
R(2,4) to top port 3 of switching element R(3,4); and bottom port 3 of switching element R(2,3) 
to top port 3 of switching element R(3,0). The result is shown in Fig. 75. 

[0497] With the new connection in place the upgrade process moves to the rewiring step, 
because there are no new stages of switching elements that require splicing, the splicing step is 
skipped. 

[0498] Although in rewiring, the same port selection algorithm is used here as in all examples. 
It should be noted that in this example minimal disruption of service may not be the top priority. 
A higher priority could be assigned to disconnecting ports in R(*,5), because the associated line 
cards to those ports might be reused as part of the fanout upgrade. In Fig. 75, ISIC networks 
7172, 7174 and 7176 are identical. Furthermore, as seen in Fig. 74, ISIC networks 7162, 7164, and 
7166 are identical. Since the ISIC networks are identical, this example employs ISIC relabeling in 
some cases and not in others to better illustrate the diversity of the reconfiguration process. Using 
the stage_select subroutine defined in Fig. 49B, ISIC 7174 is selected first and is rewired without 
the benefit of relabeling. The reconfiguration process now continues with the port selection phase 
of the rewiring step. 
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[0499] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 3 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 2 of 
switching element R(l,4). Bottom port 2 of switching element R(l,4) is currently connected to 
top port 2 of switching element R(2,2). The breaJcing this connection introduces a second broken 
connection to R(2,2), so top port 3 of switching element R(2,3) is not selected. Continuing to 
scan from right to left, bottom port 3 of switching element R(l,2) is not connected to anything 
and has, according to Fig. 74, a corresponding port of top port 2 of switching element R(2,l). 
Top port 2 of switching element R(2,l) is currently connected to bottom port 1 of switching 
element R(l,4). The breaking this connection introduces a second broken connection to R(2,l), 
so bottom port 3 of switching element R(l,2) is not selected. Continuing to scan from right to 
left, top port 3 of switching element R(2,2) is not connected to anjrthing and has, according to 
Fig. 74, a corresponding port of bottom port 1 of switching element R(l,4). Bottom port 1 of 
switching element R(l,4) is currently connected to top port 2 of switching element R(2,l). The 
breaking this connection introduces a second broken connection to R(2,l), so top port 3 of switching 
element R(2,2) is not selected. Continuing to scan from right to left, bottom port 3 of switching 
element R(l,l) is not connected to anything and has, according to Fig. 74, a corresponding port 
of top port 1 of switching element R(2,2). Top port 1 of switching element R(2,2) is currently 
connected to bottom port 2 of switching element R(l,2). The breaking this connection introduces 
a second broken connection to R(l,2), so bottom port 3 of switching element R(l,l) is not selected. 
Continuing to scan from right to left, top port 3 of switching element R(2,l) is not connected to 
anything and has, according to Fig. 74, a corresponding port of bottom port 0 of switching 
element R(l,4). Bottom port 0 of switching element R(l,4) is currently connected to top port 2 of 
switching element R(2,0). The breaking of this connection does not leave switching element R(l,4) 
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or switching element R(2,0) with more than one broken connection. This completes the selection 
process for this step. 

[0500] With top port 3 of switching element R(2,l) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(l,4), is connected to top port 2 of switching element 
R(2,0), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(l,4) and top port 2 of switching element R(2,0); stopping bottom port 0 of switching element 
R(l,4) and top port 2 of switching element R(2,0); disconnecting bottom port 0 of switching ele- 
ment R(l,4) and top port 2 of switching element R(2,0) and moving the disconnected connection 
to top port 3 of switching element R(2,l) as shown in Fig. 76A; starting top port 3 of switching 
element R(2,l) and bottom port 0 of switching element R(l,4); and stop diverting the traffic from 
top port 3 of switching element R(2,l) and bottom port 0 of switching element R(l,4). 

[0501] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 3 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 2 of 
switching element R(l,4). Bottom port 2 of switching element R(l,4) is currently connected to 
top port 2 of switching element R(2,2). The breaking this connection introduces a second broken 
connection to R(2,2), so top port 3 of switching element R(2,3) is not selected. Continuing to scan 
from right to left, bottom port 3 of switching element R(l,2) is not connected to anything and has, 
according to Fig. 74, a corresponding port of top port 2 of switching element R(2,l). Top port 2 of 
switching element R(2,l) is currently connected to bottom port 1 of switching element R( 1,4). The 
breaking of this connection does not leave switching element R(l,4) or switching element R(2,l) 
with more than one broken connection. This completes the selection process for this step. 

[0502] With bottom port 3 of switching element R(l,2) selected and recsdling that its corre- 
sponding port, top port 2 of switching element R(2,l), is connected to bottom port 1 of switching 
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element R(l,4), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(2,l) and bottom port 1 of switching element R(l,4); stopping top port 2 of switching 
element R(2,l) and bottom port 1 of switching element R(l,4); disconnecting top port 2 of switch- 
ing element R(2,l) and bottom port 1 of switching element R(l,4) and moving the disconnected 
connection to bottom port 3 of switching element R(l,2) as shown in Fig. 76B; starting bottom 
port 3 of switching element R(l,2) and top port 2 of switching element R(2,l); and stop diverting 
the traffic from bottom port 3 of switching element R(l,2) and top port 2 of switching element 
R(2,l). 

[0503] The rewiring step continues by selecting bottom port 1 of switching element R(l,4) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 74) is also not connected to anything; establishing 
a new connection between bottom port 1 of switching element R(l,4) and top port 3 of switching 
element R(2,2) as shown in Fig. 76C; starting bottom port 1 of switching element R(l,4) and top 
port 3 of switching element R(2,2); and stop diverting the traffic from bottom port 1 of switching 
element R(l,4) and top port 3 of switching element R(2,2). 

[0504] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 3 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 2 of 
switching element R(l,4). Bottom port 2 of switching element R(l54) is currently connected to 
top port 2 of switching element R(2,2). The breaking of this connection does not leave switching 
element R(l,4) or switching element R(2,2) with more than one broken connection. This completes 
the selection process for this step. 

[0505] With top port 3 of switching element R(2,3) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(l,4), is connected to top port 2 of switching element 
R(2,2), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
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R(l,4) and top port 2 of switching element R(2,2); stopping bottom port 2 of switching element 
R(l,4) and top port 2 of switching element R(2,2); disconnecting bottom port 2 of switching ele- 
ment R(l,4) and top port 2 of switching element R(2,2) and moving the disconnected connection 
to top port 3 of switching element R(2,3) as shown in Fig. 76D; starting top port 3 of switching 
element R(2,3) and bottom port 2 of switching element R(l,4); and stop diverting the traffic from 
top port 3 of switching element R(2,3) and bottom port 2 of switching element R(l,4). 
[0506] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 2 of switching element R(2,2) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 0 of 
switching element R(l,3). Bottom port 0 of switching element R(l,3) is currently connected to 
top port 1 of switching element R(2,3). The breaking of this connection does not leave switching 
element R(l,3) or switching element R(2,3) with more than one broken connection. This completes 
the selection process for this step. 

[0507] With top port 2 of switching element R(2,2) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(l,3)j is connected to top port 1 of switching element 
R(2,3), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(l,3) and top port 1 of switching element R(2,3); stopping bottom port 0 of switching element 
R(l,3) and top port 1 of switching element R(2,3); disconnecting bottom port 0 of switching ele- 
ment R(l,3) and top port 1 of switching element R(2,3) and moving the disconnected connection 
to top port 2 of switching element R(2,2) as shown in Fig. 76E; starting top port 2 of switching 
element R(2,2) and bottom port 0 of switching element R(l,3); and stop diverting the traffic from 
top port 2 of switching element R(2,2) and bottom port 0 of switching element R(l,3). 
[0508] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 0 of 
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switching element R(l,2). Bottom port 0 of switching element R(l,2) is currently connected to 
top port 1 of switching element R(2,0). The breaking this connection introduces a second broken 
connection to R(2,0), so top port 1 of switching element R(2,3) is not selected. Continuing to scan 
from right to left, bottom port 3 of switching element R(l,l) is not connected to anjrthing and has, 
according to Fig. 74, a corresponding port of top port 1 of switching element R(2,2). Top port 1 of 
switching element R(2,2) is currently connected to bottom port 2 of switching element R(l,2). The 
breaking of this connection does not leave switching element R(l,2) or switching element R(2,2) 
with more than one broken connection. This completes the selection process for this step. 
[0509] With bottom port 3 of switching element R(l,l) selected and recaUing that its corre- 
sponding port, top port 1 of switching element R(2,2), is connected to bottom port 2 of switching 
element R(l,2), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(2,2) and bottom port 2 of switching element R(l,2); stopping top port 1 of switching 
element R(2,2) and bottom port 2 of switching element R(l,2); disconnecting top port 1 of switch- 
ing element R(2,2) and bottom port 2 of switching element R(l,2) and moving the disconnected 
connection to bottom port 3 of switching element R(l,l) as shown in Fig. 76F; starting bottom 
port 3 of switching element R(l,l) and top port 1 of switching element R(2,2); and stop diverting 
the traffic from bottom port 3 of switching element R(l,l) and top port 1 of switching element 
R(2,2). 

[0510] The rewiring step continues by selecting bottom port 2 of switching element R(l,2) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 74) is also not connected to anything; establishing 
a new connection between bottom port 2 of switching element R(l,2) and top port 2 of switching 
element R(2,0) as shown in Fig. 76G; starting bottom port 2 of switching element R(l,2) and top 
port 2 of switching element R(2,0); and stop diverting the traffic from bottom port 2 of switching 
element R(l,2) and top port 2 of switching element R(2,0). 
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[0511] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(2,3) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 0 of 
switching element R(l,2). Bottom port 0 of switching element R(l,2) is currently connected to 
top port 1 of switching element R(2,0). The breaking of this connection does not leave switching 
element R(l,2) or switching element R(2,0) with more than one broken connection. This completes 
the selection process for this step. 

[0512] With top port 1 of switching element R(2,3) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(l,2), is connected to top port 1 of switching element 
R(2,0), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(l,2) and top port 1 of switching element R(2,0); stopping bottom port 0 of switching element 
R(l,2) and top port 1 of switching element R(2,0); disconnecting bottom port 0 of switching ele- 
ment R(l,2) and top port 1 of switching element R(2,0) and moving the disconnected connection 
to top port 1 of switching element R(2,3) as shown in Fig. 76H; starting top port 1 of switching 
element R(2,3) and bottom port 0 of switching element R(l,2); and stop diverting the traffic from 
top port 1 of switching element R(2,3) and bottom port 0 of switching element R(l,2)l 
[0513] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 3 of switching element R(1,0) 
is not connected to. anything and has, according to Fig. 74, a corresponding port of top port 
0 of switching element R(2,3). Top port 0 of switching element R(2,3) is currently connected 
to bottom port 0 of switching element R(l,l). The breaking of this connection does not leave 
switching element R(l,l) or switching element R(2,3) with more than one broken connection. This 
completes the selection process for this step. 

[0514] With bottom port 3 of switching element R(1,0) selected and recalling that its corre- 
sponding port, top port 0 of switching element R(2,3), is connected to bottom port 0 of switching 
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element R(l,l), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(2,3) and bottom port 0 of switching element R(l,l); stopping top port 0 of switching 
element R(2,3) and bottom port 0 of switching element R(l,l); disconnecting top port 0 of switch- 
ing element R(2,3) and bottom port 0 of switching element R(l,l) and moving the disconnected 
connection to bottom port 3 of switching element R(1,0) as shown in Fig. 761; starting bottom 
port 3 of switching element R(1,0) and top port 0 of switching element R(2,3); and stop diverting 
the traffic from bottom port 3 of switching element R(1,0) and top port 0 of switching element 
R(2,3). 

[0515] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning froin right to left, bottom port 0 of switching element R(l,l) is 
not connected to anything and has, according to Fig. 74, a corresponding port of top port 0 of 
switching element R(2,4). Top port 0 of switching element R(2,4) is currently connected to bottom 
port 1 of switching element R(l,l). The breaking this connection introduces a second broken 
connection to R(l,l), so bottom port 0 of switching element R(l,l) is not selected. Continuing to 
scan from right to left, top port 1 of switching element R(2,0) is not connected to anything and has, 
according to Fig. 74, a corresponding port of bottom port 1 of switching element R(l,l). Bottom 
port 1 of switching element R(l,l) is currently connected to top port 0 of switching element R(2,4). 
The breaking this connection introduces a second broken connection to R(l,l), so top port 1 of 
switching element R(2,0) is not selected. Since none of the ports that are not connected satisfy 
the second port selection criterion, the selection process continues by selecting the rightmost port 
not connected to anything, that is bottom port 0 of switching element R(l,l). 
[0516] With bottom port 0 of switching element R(l,l) selected and recalling that its corre- 
sponding port, top port 0 of switching element R(2,4), is connected to bottom port 1 of switching 
element R(l,l), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(2,4) and bottom port 1 of switching element R(l,l); stopping top port 0 of switching 
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element R(2,4) and bottom port 1 of switching element R(l,l); disconnecting top port 0 of switch- 
ing element R(2,4) and bottom port 1 of switching element R(l,l) and moving the disconnected 
connection to bottom port 0 of switching element R(l,l) as shown in Fig. 76 J; starting bottom 
port 0 of switching element R(l,l) and top port 0 of switchmg element R(2,4); and stop diverting 
the traffic from bottom port 0 of switching element R(l,l) and top port 0 of switching element 
R(2,4). 

[0517] The rewiring step continues by selecting bottom port 1 of switching element R(l,l) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 74) is also not connected to anything; establishing 
a new connection between bottom port 1 of switching element R(l,l) and top port 1 of switching 
element R(2,0) as shown in Fig. 76K; starting bottom port 1 of switching element R(l,l) and top 
port 1 of switching element R(2,0); and stop diverting the traffic from bottom port 1 of switching 
element R(l,l) and top port 1 of switching element R(2,0). 

[0518] Since all ports are connected, connected ports are checked. Scanning from right to left, 
top port 2 of switching element R(2,4) is selected because it is not connected to its corresponding 
port (according to Fig. 74), bottom port 2 of switching element R(l,3). Top port 2 of switching 
element R(2,4) is connected to bottom port 1 of switching element R(l,5), and bottom port 2 of 
switching element R(l,3) is connected to top port 1 of switching element R(2,5). The rewiring step 
continues by diverting traffic from top" port 2 of switching element R(2,4) and bottom port 1 of 
switching element R(l,5); stopping top port 2 of switching element R(2,4) and bottom port 1 of 
switching element R(l,5); disconnecting top port 2 of switching element R(2,4) and bottom port 
1 of switching element R(l,5); diverting traffic from bottom port 2 of switching element R(l,3) 
and top port 1 of switching element R(2,5); stopping bottom port 2 of switching element R(l,3) 
and top port 1 of switching element R(2,5); disconnecting bottom port 2 of switching element 
R(l,3) and top port 1 of switching element R(2,5) and moving the disconnected connection to 
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top port 2 of switching element R(2,4) as shown in Fig. 76L; starting top port 2 of switching 
element R(2,4) and bottom port 2 of switching element R(l,3); and stop diverting the traffic 
from top port 2 of switching element R(2,4) and bottom port 2 of switching element R(l,3). 
Since all ports are connected, connected ports are checked. Scanning from right to left, top port 
1 of switching element R(2,4) is selected because it is not connected to its corresponding port 
(according to Fig. 74), bottom port 1 of switching element R(l,2). Top port 1 of switching 
element R(2,4) is connected to bottom port 1 of switching element R(l,3), and bottom port 1 of 
switching element R(l,2) is connected to top port 1 of switching element R(2,l). The rewiring step 
continues by diverting traffic from top port 1 of switching element R(2,4) and bottom port 1 of 
switching element R(l,3); stopping top port 1 of switching element R(2,4) and bottom port 1 of 
switching element R(l,3); disconnecting top port 1 of switching element R(2,4) and bottom port 1 
of switching element R(l,3); diverting traffic from bottom port 1 of switching element R(l,2) and 
top port 1 of switching element R(2,l); stopping bottom port 1 of switching element R(l,2) and 
top port 1 of switching element R(2,l); disconnecting bottom port 1 of switching element R(l,2) 
and top port 1 of switching element R(2,l) and moving the disconnected connection to top port 1 
of switching element R(2,4) as shown in Fig. 76M; starting top port 1 of switching element R(2,4) 
and bottom port 1 of switching element R(l,2); and stop diverting the traffic from top port 1 of 
switching element R(2,4) and bottom port 1 of switching element R(l,2). Scanning from right to 
left, no port, top or bottom, has a corresponding port which is not connected. Again, scanning 
from right to left, bottom port 1 of switching element R(l,3) is not connected to anything and 
has, according to Fig. 74, a corresponding port of top port 2 of switching element R(2,3). Top 
port 2 of switching element R(2,3) is currently connected to bottom port 0 of switching element 
R(l,5). The breaking this connection introduces a second broken connection to R(l,5), so bottom 
port 1 of switching element R(l,3) is not selected. Continuing to scan from right to left, top 
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port 1 of switching element R(2,l) is not connected to anything and has, according to Fig. 74, 
a corresponding port of bottom port 2 of switching element R(l,l). Bottom port 2 of switching 
element R(l,l) is currently connected to top port 0 of switching element R(2,5). The breaking this 
connection introduces a second broken connection to R(2,5), so top port 1 of switching element 
R(2jl) is not selected. Since none of the ports that are not connected satisfy the second port 
selection criterion, the selection process continues by selecting the rightmost port not connected 
to anything, that is bottom port 1 of switching element R(l,3). 

[0519] With bottom port 1 of switching element R(l,3) selected and recalling that its corre- 
sponding port, top port 2 of switching element R('2,3), is connected to bottom port 0 of switching 
element R(l,5), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(2,3) and bottom port 0 of switching element R(l,5); stopping top port 2 of switching 
element R(2,3) and bottom port 0 of switching element R(l,5); disconnecting top port 2 of switch- 
ing element R(2,3) and bottom port 0 of switching element R(l,5) and moving the disconnected 
connection to bottom port 1 of switching element R(l,3) as shown in Fig. 76N; starting bottom 
port 1 of switching element R(l,3) and top port 2 of switching element R(2,3); and stop diverting 
the traffic from bottom port 1 of switching element R(l,3) and top port 2 of switching element 
R(2,3). 

[0520] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(2,l) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 2 of 
switching element R(l,l). Bottom port 2 of switching element R(l,l) is currently connected to 
top port 0 of switching element R(2,5). The breaking this connection introduces a second broken 
connection to R(2,5), so top port 1 of switching element R(2,l) is not selected. Since none of 
the ports that are not connected satisfy the second port selection criterion, the selection process 
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continues by selecting the rightmost port not connected to anything, that is top port 1 of switching 
element R(2,l). 

[0521] With top port 1 of switching element R(2,l) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(l,l), is connected to top port 0 of switching element 
R(2,5), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(l,l) and top port 0 of switching element R(2,5); stopping bottom port 2 of switching element 
R(l,l) and top port 0 of switching element R(2,5); disconnecting bottom port 2 of switching ele- 
ment R(l,l) and top port 0 of switchinjg element R(2,5) and moving the disconnected connection 
to top port 1 of switching element R(2,l) as shown in Fig. 760; starting top port 1 of switching 
element R(2,l) and bottom port 2 of switching element R(l,l); and stop diverting the traffic from 
top port 1 of switching element R(2,l) and bottom port 2 of switching element R(l,l). 

[0522] With the completion of the rewiring of ISIC network 7174, the next ISIC network 
selected by the stage-select subroutine is ISIC 7172. In this case ISIC network 7172 is rewired by 
employing the relabeUng phase first. 

[0523] The relabeling phase begins by scanning bottom ports from left to right. Switching 
element R(0,1) is connected to R(l,4), but according to Fig. 74, bottom port 0 should be connected 
to R(l,4) instead of bottom port 1. The connections to those ports are swapped as shown in 
Fig. 77A. 

[0524] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,2) is connected to R(1,0), but according to Fig. 74, bottom port 2 should be connected 
to R(1,0) instead of bottom port 0. The connections to those ports are swapped as shown in 
Fig. 77B. 

[0525] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,2) is cormected to R(l,l), but according to Fig. 74, bottom port 3 should be connected 
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to R(l,l) instead of bottom port 1. The connections to those ports .are swapped as shown in 
Fig. 77C. 

[0526] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,3) is connected to R(l,3), but according to Fig. 74, bottom port 1 should be connected 
to R(l,3) instead of bottom port 0. The connections to those ports are swapped as shown in 
Fig. 77D. 

[0527] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,3) is connected to R(l,4), but according to Fig. 74, bottom port 2 should be connected 
to R(l,4) instead of bottom port 0. The connections to those ports are swapped as shown in 
Fig. 77E. 

[0528] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,4) is connected to R(l,l), but according to Fig. 74, bottom port 0 should be connected 
to R(l,l) instead of bottom port 1. The connections to those ports are swapped as shown in 
Fig. 77F. 

[0529] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(0,4) is connected to R(l,2), but according to Fig. 74, bottom port 1 should be connected 
to R(l,2) instead of bottom port 2. The connections to those ports are swapped as shown in 
Fig. 77G. 

[0530] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(l,4) is connected to bottom port 2 of switching element R(0,3), but according to Fig. 74, 
top port 2 should be connected to bottom port 2 of switching element R(0,3) instead of top port 
1. The connections to those ports are swapped as shown in Fig. 77H. 

[0531] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(l,3) is connected to bottom port 1 of switching element R(0,3), but according to Fig. 74, 

142 



top port 2 should be connected to bottom port 1 of switching element R(0,3) instead of top port 

1. The connections to those ports are swapped as shown in Fig. 771. 

[0532] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(l,2) is connected to bottom port 1 of switching element R(0,4), but according to Fig. 74, 
top port 3 should be connected to bottom port 1 of switching element R(0,4) instead of top port 

2. The connections to those ports are swapped as shown in Fig. 77 J. 

[0533] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(l,l) is connected to bottom port 0 of switching element R(0,4), but according to Fig. 74, 
top port 3 should be connected to bottom port 0 of switching element R(0,4) instead of top port 
2. The connections to those ports are swapped as shown in Fig. 77K. 

[0534] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(l,l) is connected to bottom port 3 of switching element R(0,2), but according to Fig. 74, 
top port 2 should be connected to bottom port 3 of switching element R(0,2) instead of top port 
1. The connections to those ports axe swapped as shown in Fig. 77L. 

[0535] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(1,0) is connected to bottom port 2 of switching element R(0,2), but according to Fig. 74, 
top port 2 should be connected to bottom port 2 of switching element R(0,2) instead of top port 
1. The connections to those ports are swapped as shown in Fig. 77M. 

[0536] With the completion of the relabeling phase of ISIC network 7172, the reconfigiuration 
process now continues with the port selection phase of the rewiring step. 

[0537] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 3 of switching element R(l,3) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 2 of 
switching element R(0,4). Bottom port 2 of switching element R(0,4) is currently connected to 
top port 1 of switching element R(1,0). The breaking of this connection does not leave switching 
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element R(0,4) or switching element R(ljO) with more than one broken connection. This completes 
the selection process for this step. 

[0538] With top port 3 of switching element R(l,3) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(0,4), is connected to top port 1 of switching element 
R(1,0), the rewiring step continues, by diverting traffic from bottom port 2 of switching element 
R(0,4) and top port 1 of switching element R(1,0); stopping bottom port 2 of switching element 
R(0,4) and top port 1 of switching element R(1,0); disconnecting bottom port 2 of switching ele- 
ment R(0,4) and top port 1 of switching element R(1,0) and moving the disconnected connection 
to top port 3 of switching element R(l,3) as shown in Fig. 77N; starting top port 3 of switching 
element R(l,3) and bottom port 2 of switching element R(0,4); and stop diverting the traffic from 
top port 3 of switching element R(l,3) and bottom port 2 of switching element R(0,4). 
[0539] Scaiming from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 2 of switching element R(l,2) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 0 of 
switching element R(0,3). Bottom port 0 of switching element R(0,3) is currently connected to 
top port 1 of switching element R(l,5). The breaking this connection introduces a second broken 
connection to R(l,5), so top port 2 of switching element R(l,2) is not selected. Continuing to scan 
from right to left, bottom port 1 of switching element R(0,2) is not connected to anything and 
has, axjcording to Fig. 74, a corresponding port of top port 1 of switching element R(l,4). Top 
port 1 of switching element R(l,4) is currently connected to bottom port 1 of switching element 
R(0,5). The breaking this connection introduces a second broken connection to R(0,5), so bottom 
port 1 of switching element R(0,2) is not selected. Continuing to scan from right to left, bottom 
port 3 of switching element R(Ojl) is not connected to anything and has, according to Fig. 74, 
a corresponding port of top port 1 of switching element R(l,2). Top port 1 of switching element 
R(l,2) is currently connected to bottom port 0 of switching element R(0,2). The breaking this 
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connection introduces a second broken connection to R(0,2), so bottom port 3 of switching element 
R(0,1) is not selected. Continuing to scan from right to left, top port 1 of switching element R(l,l) 
is not connected to anything and has, according to Fig. 74, a corresponding port of bottom port 2 
of switching element R(0,1). Bottom port 2 of switching element R(0,1) is currently connected to 
top port 0 of switching element R(l,5). The breaking this connection introduces a second broken 
connection to R(0,1), so top port 1 of switching element R(l,l) is not selected. Continuing to scan 
from right to left, bottom port 3 of switching element R(0,0) is not connected to anything and 
has, according to Fig. 74, a corresponding port of top port 0 of switching element R(l,3). Top 
port 0 of switching element R(l,3) is currently connected to bottom port 1 of switching element 
R(0,1). The breaking this connection introduces a second broken connection to R(0,1), so bottom 
port 3 of switching element R(0,0) is not selected. Continuing to scan from right to left, top 
port 1 of switching element R(1,0) is not connected to anything and has, according to Fig. 74, 
a corresponding port of bottom port 1 of switching element R(0,1). Bottom port 1 of switching 
element R(0,1) is currently connected to top port 0 of switching element R(l,3). The breaking this 
connection introduces a second broken connection to R(0,1), so top port 1 of switching element 
R(1,0) is not selected. Since none of the ports that are not connected satisfy the second port 
selection criterion, the selection process continues by selecting the rightmost port not connected 
to anything, that is top port 2 of switching element R(l,2). 

[0540] With top port 2 of switching element R(l,2) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(0,3), is connected to top port 1 of switching element 
R(l,5), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(0,3) and top port 1 of switching element R(l,5); stopping bottom port 0 of switching element 
R(0,3) and top port 1 of switching element R(l,5); disconnecting bottom port 0 of switching ele- 
ment R(0,3) and top port 1 of switching element R(l,5) and moving the disconnected connection 
to top port 2 of switching element R(l,2) as shown in Fig. 770; starting top port 2 of switching 
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element R(l,2) and bottom port 0 of switching element R(0,3); and stop diverting the traffic from 
top port 2 of switching element R(l,2) and bottom port 0 of switching element R(0,3). 
[0541] Scaiming from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(0,2) is 
not connected to anything and has, according to Fig. 74, a corresponding port of top port 1 of 
switching element R(l,4). Top port 1 of switching element R(l,4) is currently connected to bottom 
port 1 of switching element R(0,5). The breaking this connection introduces a second broken 
connection to R(0,5), so bottom port 1 of switching element R(0,2) is not selected. Continuing to 
scan from right to left, bottom port 3 of switching element R(0,1) is not connected to anything 
and has, according to Fig. 74, a corresponding port of top port 1 of switching element R(l,2). 
Top port 1 of switching element R(l,2) is currently connected to bottom port 0 of switching 
element R(0,2). The breaking this connection introduces a second broken connection to R(0,2), 
so bottom port 3 of switching element R(0,1) is not selected. Continuing to scan from right to 
left, top port 1 of switching element R(l,l) is not connected to anything and has, according to 
Fig. 74, a corresponding port of bottom port 2 of switching element R(0,1). Bottom port 2 of 
switching element R(0,1) is currently connected to top port 0 of switching element R(l,5). The 
breaking this connection introduces a second broken connection to R(0,1), so top port 1 of switching 
element R(l,l) is not selected. Continuing to scan from right to left, bottom port 3 of switching 
element R(0,0) is not connected to anything and has, according to Fig. 74, a corresponding port 
of top port 0 of switching element R(l,3). Top port 0 of switching element R(l,3) is currently 
connected to bottom port 1 of switching element R(0,1). The breaking this connection introduces 
a second broken connection to R(0,1), so bottom port 3 of switching element R(0,0) is not selected. 
Continuing to scan from right to left, top port 1 of switching element R(1,0) is not connected to 
anything and has, according to Fig. 74, a corresponding port of bottom port 1 of switching element 
R(0,1). Bottom port 1 of switching element R(0,1) is currently connected to top port 0 of switching 
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element R(l,3). The breaMng this connection introduces a ^second broken connection to R(0,1), 
so top port 1 of switching element R(1,0) is not selected. Since none of the ports that are not 
connected satisfy the second port selection criterion, the selection process continues by selecting 
the rightmost port not connected to anything, that is* bottom port 1 of switching element R(0,2). 
[0542] With bottom port 1 of switching element R(0,2) selected and recalling that its corre- 
sponding port, top port 1 of switching element R(l,4), is connected to bottom port 1 of switching 
element R(0,5), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(l,4) and bottom port 1 of switching element R(0,5); stopping top port 1 of switching 
element R(l,4) and bottom port 1 of switching element R(0,5); disconnecting top port 1 of switch- 
ing element R(l,4) and bottom port 1 of switching element R(0,5) and moving the disconnected 
connection to bottom port 1 of switching element R(0,2) as shown in Fig* 77P; starting bottom 
port 1 of switching element R(0,2) and top port 1 of switching element R(l,4); and stop diverting 
the traffic from bottom port 1 of switching element R(0,2) and top port 1 of switching element 
R(l,4). 

[0543] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 3 of switching element R(0,1) 
is not connected to anything and has, according to Fig. 74, a corresponding port of top port 
1 of switching element R(l,2). Top port 1 of switching element R(l,2) is currently connected 
to bottom port 0 of switching element R(0,2). The breaking of this connection does not leave 
switching element R(0,2) or switching element R(l,2) with more than one broken connection. This 
completes the selection process for this step. 

[0544] With bottom port 3 of switching element R(0,1) selected and recalling that its corre- 
sponding port, top port 1 of switching element R( 1,2), is connected to bottom port 0 of switching 
element R(0,2), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(l,2) and bottom port 0 of switching element R(G,2); stopping top port 1 of switching 
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element R(l,2) and bottom port 0 of switching element R(0,2); disconnecting top port 1 of switch- 
ing element R(l,2) and bottom port 0 of switching element R(0,2) and moving the disconnected 
connection to bottom port 3 of switching element R(0,1) as shown in Fig. 77Q; starting bottom 
port 3 of switching element R(0,1) and top port 1 of switching element R(l,2); and stop diverting 
the traffic from bottom port 3 of switching element R(0,1) and top port 1 of switching element 
R(l,2). 

[0545] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 0 of switching element R(0,2) is 
not connected to anything and has, according to Fig. 74, a corresponding port of top port 1 of 
switching element R(l,3). Top port 1 of switching element R(l,3) is currently connected to bottom 
port 0 of switching element R(0,5). The breaking this connection introduces a second broken 
connection to R(0,5), so bottom port 0 of switching element R(0,2) is not selected. Continuing 
to scan from right to left, top port 1 of switching element R(l,l) is not connected to anything 
and has, according to Fig. 74, a corresponding port of bottom port 2 of switching element R(0,1). 
Bottom port 2 of switching element R(0,1) is currently connected to top port 0 of switching element 
R(l,5). The breaking this connection introduces a second broken connection to R(l,5), so top port 
1 of switching element R(l,l) is not selected. Continuing to scan from right to left, bottom port 
3 of switching element R(0,0) is not connected to anything and has, according to Fig. 74, a 
corresponding port of top port 0 of switching element R(l,3). Top port 0 of switching element 
R(l,3) is currently connected to bottom port 1 of switching element R(0,1). The breaking of this 
connection does not leave switching element R(0,1) or switching element R(l,3) with more than 
one broken connection. This completes the selection process for this step. 

[0546] With bottom port 3 of switching element R(0,0) selected and recalUng that its corre- 
sponding port, top port 0 of switching element R(l,3), is connected to bottom port 1 of switching 
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element R(0,1), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(l,3) and bottom port 1 of switching element R(0,1); stopping top port 0 of switching 
element R(l,3) and bottom port 1 of switching element R(0,1); disconnecting top port 0 of switch- 
ing element R(l,3) and bottom port 1 of switching element R(0,1) and moving the disconnected 
connection to bottom port 3 of switching element R(0,0) as shown in Fig. 77R; starting bottom 
port 3 of switching element R(0,0) and top port 0 of switching element R(l,3); and stop diverting 
the traffic from bottom port 3 of switching element R(0,0) and top port 0 of switching element 
R(l,3). 

[0547] The rewiring step continues by selecting bottom port 1 of switching element R(0,1) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 74) is also not connected to anything; establishing 
a new connection between bottom port 1 of switching element R(0,1) and top port 1 of switching 
element R(1,0) as shown in Fig. 77S; starting bottom port 1 of switching element R(0,1) and top 
port 1 of switching element R(ljO); and stop diverting the traffic from bottom port 1 of switching 
element R(0,1) and top port 1 of switching element R(1,0). 

[0548] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 0 of switching element R(0,2) is 
not connected to anything and has, according to Fig. 74, a corresponding port of top port 1 of 
switching element R(l,3). Top port 1 of switching element R(l,3) is currently connected to bottom 
port 0 of switching element R(0,5). The breaking this connection introduces a second broken 
connection to R(0,5), so bottom port 0 of switching element R(0,2) is not selected. Continuing to 
scan from right to left, top port 1 of switching element R(l,l) is not connected to anything and has, 
according to Fig. 74, a corresponding port of bottom port 2 of switching element R(0,1). Bottom 
port 2 of switching element R(0,1) is currently connected to top port 0 of switching element R(l,5). 
The breaking this connection introduces a second broken connection to R(l,5), so top port 1 of 
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switching element R(l,l) is not selected. Since none of the ports that are not connected satisfy 
the second port selection criterion, the selection process continues by selecting the rightmost port 
not connected to anything, that is bottom port 0 of switching element R(0,2). 
[0549] With bottom port 0 of switching element R(0,2) selected and recalling that its corre- 
sponding port, top port 1 of switching element R(l,3), is connected to bottom port 0 of switching 
element R(0,5), the rewiring step continues by diverting traffic from top port 1 of switching el- 
ement R(l,3) and bottom port 0 of switching element R(0,5); stopping top port 1 of switching 
element R(l,3) and bottom port 0 of switching element R(0,5); disconnecting top port 1 of switch- 
ing element R(l,3) and bottom port 0 of switching element R(0,5) and moving the disconnected 
connection to bottom port 0 of switching element R(0,2) as shown in Fig. 77T; starting bottom 
port 0 of switching element R(0,2) and top port 1 of switching element R(l,3); and stop diverting 
the traffic from bottom port 0 of switching element R(0,2) and top port 1 of switching element 
R(l,3). 

[0550] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 1 of switching element R(l,l) is not 
connected to anything and has, according to Fig. 74, a corresponding port of bottom port 2 of 
switching element R(0,1). Bottom port 2 of switching element R(0,1) is currently connected to 
top port 0 of switching element R(l,5). The breaking this connection introduces a second broken 
connection to R(l,5), so top port 1 of switching element R(l,l) is not selected. Since none of 
the ports that are not connected satisfy the second port selection criterion, the selection process 
continues by selecting the rightmost port not connected to anything, that is top port 1 of switching 
element R(l,l). 

[0551] With top port 1 of switching element R(l,l) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(0,1), is connected to top port 0 of switching element 
R(l,5), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
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R(0,1) and top port 0 of switching element R(l,5); stopping bottom port 2 of switching element 
R(0,1) and top port 0 of switching element R(l,5); disconnecting bottom port 2 of switching ele- 
ment R(0,1) and top port 0 of switching element R(l,5) and moving the disconnected connection 
to top port 1 of switching element R(l,l) as shown in Fig. 77U; starting top port 1 of switching 
element R(l,l) and bottom port 2 of switching element R(0,1); and stop diverting the traffic from 
top port 1 of switching element R(l,l) and bottom port 2 of switching element R(0,1). 
[0552] With the rewiring of ISIC network 7172 completed, the remaining ISIC network 7176 
is to be rewired next. Since it is identical to ISIC network 7172 and 7174, either rewiring procedure 
can be employed as well as other variations offered by the reconfiguration process set forth above. 
The result of applying either rewiring procedure or another embodiment of the rewiring step for 
a single ISIC network results in the switching network shown in Fig. 77V. With the rewiring 
complete, the new external ports 7180, 7182, 7184, 7186, 7188, 7190, 7192, 7194, 7196, and 7198 
can now be activated and new traffic can be diverted to them. Also, at this point, the unused 
switching elements R(*,5) can be removed if not already removed. 

[0553] Fig. 78 shows a 24-port 4 stage pre-reconfiguration balanced RBCCG multistage 
switching network 7200. In addition to. a width upgrade by adding the column 7201 of switching 
elements R(*,4), the network is also reconfigured to an unbalanced RBCCG multistage switching 
network. Fig. 79 shows the 30-port 4 stage post-reconfiguration unbalanced RBCCG multistage 
switching network, wherein the CGISIC networks used in Fig. 79 are shifted variants of balanced 
CGISIC networks. Since this is a upgrade, no external ports are disconnected during this process. 
[0554] Proceeding to the pre-connection step, according to the post-reconfiguration architec- 
ture shown in Fig. 79, the following connections can be established without disrupting existing 
connections: bottom port 1 of switching element R(0,4) to top port 2 of switching element R(l,4); 
and bottom port 0 of switching element R(l,4) to top port 2 of switching element R(2,4). The 
result is shown in Fig. 80. 
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[0555] With the new connection in place the upgrade process moves to the rewiring step. 
Because there are no new stages of switching elements that require splicing, the splicing step is 
skipped. The reconfiguration process then moves to the rewiring step. To illustrate how arbitrary 
the choices are in the rewiring process, the order of the operations in this example is quite different 
that the previous examples. For instance, this process begins with the relabeling of ISIC networks 
7224 and 7226 before any rewiring is performed. ISIC network 7222 is not relabeled. 

[0556] Moving on to the relabeling of ISIC network 7224, the relabeling phase begins by 
scanning bottom ports from left to right. Switching element R(1,0) is connected to R(2,2), but 
according to Fig. 79, bottom port 0 should be connected to R(2,2) instead of bottom port 2. The 
connections to those ports are swapped as shown in Fig. 81A. 

[0557] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(l,l) is connected to R(2,0), but according to Fig. 79, bottom port 0 should be connected 
to R(2,0) instead of bottom port 1. The connections to those ports are swapped as shown in 
Fig. 81B. 

[0558] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(l,l) is connected to R(2,l), but according to Fig. 79, bottom port 1 should be connected 
to R(2,l) instead of bottom port 2. The connections to those ports are swapped as shown in 
Fig. 81C. 

[0559] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(l,2) is connected to R(2,3), but according to Fig. 79, bottom port 0 should be connected 
to R(2,3) instead of bottom port 1. The connections to those ports are swapped as shown in 
Fig. 81D. 

[0560] This completes the relabeling of ISIC network 7224. The procedure moves to the 
relabeling of ISIC network 7226. 
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[0561] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(2,0) is connected to R(3,0), but according to Fig. 79, bottom port 2 should be connected 
to R(3j0) instead of bottom port 0. The connections to those ports are swapped as shown in 
Fig. 81E. 

[0562] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(2,l) is connected to R(3,3), but according to Fig. 79, bottom port 2 should be connected 
to R(3,3) instead of bottom port 0. The connections to those ports are swapped as shown in . 
Fig. 81F. 

[0563] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(2,2) is connected to R(3,0), but according to Fig. 79, bottom port 1 should be connected 
to R(3,0) instead of bottom port 2. The connections to those ports are swapped as shown in 
Fig. 81G. 

[0564] The relabeUng phase continues by scanning bottom ports from left to right. Switching 
element R(2,3) is connected to R(3,2), but according to Fig. 79, bottom port 0 should be connected 
to R(3,2) instead of bottom port 1. The connections to those ports are swapped as shown in 
Fig. 81H. 

[0565] The relabeling phase continues by scanning bottom ports from left to right. Switching 
element R(2,3) is connected to R(3,3), but according to Fig. 79, bottoiri port 1 should be connected 
to R(3,3) instead of bottom port 2. The connections to those ports are swapped as shown in 
Fig. 811. 

[0566] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(3,3) is connected to bottom port 2 of switching element R(2,l), but according to Fig. 79, 
top port 1 should be connected to bottom port 2 of switching element R(2,l) instead of top port 
0. The connections to those ports are swapped as shown in Fig. 81J. 
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[0567] The relabeling phase continues by scanning top ports from right to left. Switching 
element R(3,0) is connected to bottom port 2 of switching element R(2,0), but according to Fig, 79, 
top port 1 should be connected to bottom port 2 of switching element R(2,0) instead of top port 
0. The connections to those ports are swapped as shown in Fig. 81K. 

[0568] This completes the relabeling portion of the rewiring step for ISIC network 7224. 
Following the analogous relabeling steps described for ISIC network 7224, ISIC network 7226 is 
relabeled, resulting in the switching network depicted in Fig. 81L. 

[0569] With all the ISIC networks marked for relabeling completed, the procedure moves to 
the port selection phase of the rewiring step. Unlike the previous examples, the rewiring is not 
performed on one ISIC network until it is completely rewired. In this example, ports are selected 
from any internal ports in the switching network. 

[0570] The rewiring step begins with ISIC 7224. Scanning from right to left, no port, top 
or bottom, has a corresponding port which is not connected. Again, scanning from right to left, 
bottom port 2 of switching element R(l,4) is not connected to anything with corresponding port 
according to Fig. 79, top port 0 of switching element R(2,l). Top port 0 of switching element 
R(2,l) is currently connected to bottom port 1 of switching element R(1,0). The breaking of this 
connection does not leave switching element R(1,0) or switching element R(2,l) with more than 
one broken connection. This completes the selection process for this step. 

[0571] With bottom port 2 of switching element R(l,4) selected and recalling that its corre- 
sponding port, top port 0 of switching element R(2,l), is connected to bottom port 1 of switching 
element R(1,0), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(2,l) and bottom port 1 of switching element R(1,0); stopping top port 0 of switching 
element R(2,l) and bottom port 1 of switching element R(1,0); disconnecting top port 0 of switch- 
ing element R(2,l) and bottom port 1 of switching element R(1,0) and moving the disconnected 
connection to bottom port 2 of switching element R(l,4) as shown in Fig. 82A; starting bottom 
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port 2 of switching element' R(l, 4) and top port 0 of switching element R(2,l); and stop diverting 
the traffic from bottom port 2 of switching element R(l,4) and top port 0 of switching element 
R(2,l). 

[0572] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(l,4) is 
not connected to anything with corresponding port according to Fig. 79, top port 0 of switching 
element R(2,0). Top port 0 of switching element R(2,0) is currently connected to bottom port 2 of 
switching element R(1,0). The breaking this connection introduces a second broken connection to 
R(1,0), so bottom port 1 of switching element R(l,4) is not selected. Continuing to scan from right 
to left, top port 1 of switching element R(2,4) is not connected to anything with corresponding 
port according to Fig. 79, bottom port 1 of switching element R(l,2). Bottom port 1 of switching 
element R(l,2) is currently connected to top port 1 of switching element R(2,2). The breaking 
of this connection does not leave switching element R(l,2) or switching element R(2,2) with more 
than one broken connection. This completes the selection process for this step. 
[0573] With top port 1 of switching element R(2,4) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(l,2), is connected to top port 1 of switching element 
R(2,2), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(l,2) and top port 1 of switching element R(2,2); stopping bottom port 1 of switching element 
R(l,2) and top port 1 of switching element R(2,2); disconnecting bottom port 1 of switching ele- 
ment R(l,2) and top port 1 of switching element R(2,2) and moving the disconnected connection 
to top port 1 of switching element R(2,4) as shown in Fig. 82B; starting top port 1 of switching 
element R(2,4) and bottom port 1 of switching element R(l,2); and stop diverting the traffic from 
top port 1 of switching element R(2,4) and bottom port 1 of switching element R(l,2). 
[0574] Now, the rewiring step switches to ISIC network 7222. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
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to left, bottom port 2 of switching element R(0,4) is not connected to anything with corresponding 
port according to Fig. 79, top port 0 of switching element R(1,0). Top port 0 of switching element 
R(1,0) is currently connected to bottom port 0 of switching element R(0,0). The breaking of this 
connection does not leave switching element R(0,0) or switching element R(1,0) with more than 
one broken connection. This completes the selection process for this step. 

[0575] With bottom port 2 of switching element R(0,4) selected and recalling that its corre- 
sponding port, top port 0 of switching element R(1,0), is connected to bottom port 0 of switching 
element R(0,0), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(1,0) and bottom port 0 of switching element R(0,0); stopping top port 0 of switching 
element R(1,0) and bottom port 0 of switching element R(0,0); disconnecting top port 0 of switch- 
ing element R(1,0) and bottom port 0 of switching element R(0,0) and moving the disconnected 
connection to bottom port 2 of switching element R(0,4) as shown in Fig. 82C; starting bottom 
port 2 of switching element R(0,4) and top port 0 of switching element R(1,0); and stop diverting 
the traffic from bottom port 2 of switching element R(0,4) and top port 0 of switching, element 
R(1,0). 

[0576] Now, the rewiring step switches to ISIC network 7226. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, bottom port 2 of switching element R(2,4) is not connected to anything with corresponding 
port according to Fig. 79, top port 0 of switching element R(3,2). Top port 0 of switching element 
R(3,2) is ciurrently connected to bottom port 0 of switching element R(2,0), The breaking of this 
connection does not leave switching element R(2,0) or switching element R(3,2) with more than 
one broken connection. This completes the selection process for this step. 

[0577] With bottom port 2 of switching element R(2,4) selected and recaUing that its corre- 
sponding port, top port 0 of switching element R(3,2), is connected to bottom port 0 of switching 
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element R(2,0), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(3,2) and bottom port 0 of switching element R(2,0); stopping top port 0 of switching 
element R(3,2) and bottom port 0 of switching element R(2,0); disconnecting top port 0 of switch- 
ing element R(3,2) and bottom port 0 of switching element R(2,0) and moving the disconnected 
connection to bottom port 2 of switching element R(2,4) as shown in Fig. 82D; starting bottom 
port 2 of switching element R(2,4) and top port 0 of switching element R(3,2); and stop diverting 
the traffic firom bottom port 2 of switching element R(2,4) and top port 0 of switching element 
R(3,2). 

[0578] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 2 of switching element R(3,4) is not 
connected to anything with corresponding port according to Fig. 79, bottom port 2 of switching 
element R(2,3). Bottom port 2 of switching element R(2,3) is currently connected to top port 2 of 
switching element R(3,l). The breaking of this connection does not leave switching element R(2,3) 
or switching element R(3,l) with more than one broken connection. This completes the selection 
process for this step. 

[0579] With top port 2 of switching element R(3,4) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(2,3), is connected to top port 2 of switching element 
R(3,l), the rewiring step continues by diverting traffic from. bottom port 2 of switching element 
R(2,3) and top port 2 of switching element R(3,l); stopping bottom port 2 of switching element 
R(2,3) and top port 2 of switching element R(3,l); disconnecting bottom port 2 of switching ele- 
ment R(2,3) and top port 2 of switching element R(3,l) and moving the disconnected connection 
to top port 2 of switching element R(3,4) as shown in Fig. 82E; starting top port 2 of switching 
element R(3,4) and bottom port 2 of switching element R(2,3); and stop diverting the traffic from 
top port 2 of switching element R(3,4) and bottom port 2 of switching element R(2,3). 
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[0580] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is hot connected. Again, scanning from right to left, bottom port 1 of switching element R(2,4) is 
not connected to anything with corresponding port according to Fig. 79, top port 0 of switching 
element R(3,l). Top port 0 of switching element R(3,l) is currently connected to bottom port 1 of 
switching element R(2,0). The breaking this connection introduces a second broken connection to 
R(2,0), so bottom port 1 of switching element R(2,4) is not selected. Continuing to scan from right 
to left, top port 1 of switching element R(3,4) is not connected to anything with corresponding 
port according to Fig. 79, bottom port 0 of switching element R(2,2). Bottom port 0 of switching 
element R(2,2) is currently connected to top port 1 of switching element R(3,2). The breaking 
of this connection does not leave switching element R(2,2) or switching element R(3,2) with more 
than one broken connection. This completes the selection process for this step. 
[0581] With top port 1 of switching element R(3,4) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(2,2), is connected to top port 1 of switching element 
R(3,2), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(2,2) and top port 1 of switching element R(3,2); stopping bottom port 0 of switching element 
R(2,2) and top port 1 of switching element R(3,2); disconnecting bottom port 0 of switching ele- 
ment R(2,2) and top port 1 of switching element R(3,2) and moving the disconnected connection 
to top port 1 of switching element R(3,4) as shown in Fig. 82F; starting top port 1 of switching 
element R(3,4) and bottom port 0 of switching element R(2,2); and stop diverting the traffic from 
top port 1 of switching element R(3,4) and bottom port 0 of switching element R(2,2). 
[0582] Now, the rewiring step switches to ISIC network 7224. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, bottom port 1 of switching element R(l,4) is not connected to anything with corresponding 
port according to Fig. 79, top port 0 of switching element R(2,0). Top port 0 of switching element 
R(2,0) is currently connected to bottom port 2 of switching element R(1,0). The breaking this 
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connection introduces a second broken connection to R(1,0), so bottom port 1 of switching element 
R(l,4) is not selected. Continuing to scan from right to left, top port 0 of switching element R(2,4) 
is not connected to anything with corresponding port according to Fig. 79, bottom port 2 of 
switching element R(1,0). Bottom port 2 of switching element R( 1,0) is currently connected to 
top port 0 of switching element R(2,0). The breaking this connection introduces a second broken 
connection to R(1,0), so top port 0 of switching element R(2,4) is not selected. Continuing to 
scan from right to left, top port 1 of switching element R(2,2) is not connected to anything with 
corresponding port according to Fig. 79, bottom port 2 of switching element R(l,l). Bottom port 
2 of switching element R(l,l) is currently connected to top port 0 of switching element R(2,3). The 
breaking of this connection does not leave switching element R(l,l) or switching element R(2,3) 
with more than one broken connection. This completes the selection process for this step. 
[0583] With top port 1 of switching element R(2,2) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(l,l), is connected to top port 0 of switching element 
R(2,3), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(l,l) and top port 0 of switching element R(2,3); stopping bottom port 2 of switching element 
R(l,l) and top port 0 of switching element R(2,3); disconnecting bottom port 2 of switching ele- 
ment R(l,l) and top port 0 of switching element R(2,3) and moving the disconnected connection 
to top port 1 of switching element R(2,2) as shown in Fig. 82G; starting top port 1 of switching 
element R(2,2) and bottom port 2 of switching element .R( 1,1); and stop diverting the traffic from 
top port 1 of switching element R(2,2) and bottom port 2 of switching element R(l,l). 
[0584] Now, the rewiring step switches to ISIC network 7222. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, top port 1 of switching element R(l,4) is not connected to anything with corresponding 
port according to Fig. 79, bottom port 2 of switchmg element R(0,2). Bottom port 2 of switching 
element R(0,2) is currently connected to top port 2 of switching element R(1,0). The breaking 

159 



of this connection does not leave switching element R(0,2) or switching element R(1,0) with more 
than one broken connection. This completes the selection process for this step. 
[0585] With top port 1 of switching element R(l,4) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(0,2), is connected to top port 2 of switching element 
R(1,0), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(0,2) and top port 2 of switching element R(1,0); stopping bottom port 2 of switching element 
R(0,2) and top port 2 of switching element R(1,0); disconnecting bottom port 2 of switching ele- 
ment R(0,2) and top port 2 of switching element R(1,0) and moving the disconnected connection 
to top port 1 of switching element R(l,4) as shown in Fig. 82H; starting top port 1 of switching 
element R(l,4) and bottom port 2 of switching element R(0,2); and stop diverting the traffic from 
top port 1 of switching element R(l,4) and bottom port 2 of switching element R(0,2). 
[0586] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 0 of switching element R(0,4) is 
not connected to anything with corresponding port according to Fig. 79, top port 2 of switching 
element R(l,3). Top port 2 of switching element R(l,3) is currently connected to bottom port 2 of 
switching element R(0,3). The breaking of this connection does not leave switching element R(0,3) 
or switching element R(l,3) with more than one broken connection. This completes the selection 
process for this step. 

[0587] With bottom port 0 of switching, element R(0,4) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(l,3), is connected to bottom port 2 of switching 
element R(0,3), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(l,3) and bottorii port 2 of switching element R(0,3); stopping top port 2 of switching 
element R(l,3) and bottom port 2 of switching element R(0,3); disconnecting top port 2 of switch- 
ing element R(l,3) and bottom port 2 of switching element R(0,3) and moving the disconnected 
connection to bottom port 0 of switching element R(0,4) as shown in Fig. 821; starting bottom 
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port 0 of switching element R(0,4) and top port 2 of switching element R(l,3); and stop diverting 
the traffic from bottom port 0 of switching element R(0,4) and top port 2 of switching element 
R(l,3). 

[0588] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(l,4) is not 
connected to anything with corresponding port according to Fig. 79, bottom port 0 of switching 
element R(0,1). Bottom port 0 of switching element R(0,1) is currently connected to top port 0 of 
switching element R(l,3). The breaking of this connection does not leave switching element R(0,1) 
or switching element R(l,3) with more than one broken connection. This completes the selection 
process for this step. 

[0589] With top port 0 of switching element R(l,4) selected and recalling that its correspond- 
ing port, bottom port 0 of switching element R(0,1), is connected to top port 0 of switching element 
R(l,3), the rewiring step continues by diverting traffic from bottom port 0 of switching element 
R(0,1) and top port 0 of switching element R(l,3); stopping bottom port 0 of switching element 
R(0,1) and top port 0 of switching element R(l,3); disconnecting bottom port 0 of switching ele- 
ment R(0,1) and top port 0 of switching element R(l,3) and moving the disconnected connection 
to top port 0 of switching element R(l,4) as shown in Fig. 82 J; starting top port 0 of switching 
element R(l,4) and bottom port 0 of switching element R(0,1); and stop diverting the traffic from 
top port 0 of switching element R(l,4) and bottom port 0 of switching element R(0,1). 
[0590] It should be noted that in Fig. 82 J, the rewiring step of moving the connection 
from top port 0 of switching element R(0,3) to top port 0 of switching element R(0,4), while 
the connection is temporarily broken, there is no path between R(0,1) and R(2,2). As a result 
any communications between the external top ports of switching element R(0,1) and the external 
bottom ports of switching element R(2,2) is unavailable. This shows the importance of thorough 
analysis. Though many choices are arbitrary, not all choices work as well. It should be further 
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noted that had ISIC network 7222 been relabeled along with ISIC networks 7224 and 7226, this 
would not have occurred. 

[0591] Now, the rewiring step switches to ISIC network 7224. The rewiring step continues 
by selecting top port 0 of switching element R(2,3) because scanning from right to left, it is the 
first port bottom or top not connected to anything and whose corresponding port (according to 
Fig. 79) is also not connected to anything; establishing a new connection between top port 0 of 
switching element R(2,3) and bottom port 1 of switching element R(1,0) as shown in Fig. 82K; 
starting top port 0 of switching element R(2,3) and bottom port 1 of switching element R(1,0); 
and stop diverting the traffic from top port 0 of switching element R(2,3) and bottom port 1 of 
switching element R(1,0). 

[0592] Now, the rewiring step switches to ISIC network 7226. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, bottom port 1 of switching element R(2,4) is not connected to anything with corresponding 
port according to Fig. 79, top port 0 of switching element R(3,l). Top port 0 of switching 
element R(3,l) is currently connected to bottom port 1 of switching element R(2,0). The breaking 
this connection introduces a second broken connection to R(2,0), so bottom port 1 of switching 
element R(2,4) is not selected. Continuing to scan from right to left, bottom port 0 of switching 
element R(2,4) is not connected to anything with corresponding port according to Fig. 79, top 
port 0 of switching element R(3,G). Top port 0 of switching element R(3,0) is currently connected 
to bottom port 1 of switching element R(2,l). The breaking of this connection does not leave 
switching element R(2,l) or switching element R(3,0) with more than one broken connection. This 
completes the selection process for this step. 

[0593] With bottom port 0 of switching element R(2,4) selected and recalling that its corre- 
sponding port, top port 0 of switching element R(3,0), is connected to bottom port 1 of switching 
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element R(2,l), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(3,0) and bottom port 1 of switching element R(2,l); stopping top port 0 of switching 
element R(3,0) and bottom port 1 of switching element R(2,l); disconnecting top port 0 of switch- 
ing element R(3,0) and bottom port 1 of switching element R(2,l) and moving the disconnected 
connection to bottom port 0 of switching element R(2,4) as shown in Fig. 82L; starting bottom 
port 0 of switching element R(2,4) and top port 0 of switching element R(3,0); and stop diverting 
the traffic from bottom port 0 of switching element R(2,4) and top port 0 of switching element 
R(3,0). 

[0594] Now, the rewiring step switches to ISIC network 7224. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, bottom port 1 of switching element R(l,4) is not coimected to anything with corresponding 
port according to Fig. 79, top port 0 of switching element R(2,0). Top port 0 of switching element 
R(2,0) is currently connected to bottom port 2 of switching element R(1,0). The breaking of this 
connection does not leave switching element R(1,0) or switching element R(2,0) with more than 
one broken connection. This completes the selection process for this step. 

[0595] With bottom port 1 of switching element R(l,4) selected and recalling that its corre- 
sponding port, top port 0 of switching element R(2,0), is connected to bottom port 2 of switching 
element R(1,0), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(2,0) and bottom port 2 of switching element R(1,0); stopping top port 0 of switching 
element R(2,0) and bottom port 2 of switching element R(1,0); disconnecting top port 0 of switch- 
ing element R(2,0) and bottom port 2 of switching element R(1,0) and moving the disconnected 
connection to bottom port 1 of switching element R(l,4) as shown in Fig. 82M; starting bottom 
port 1 of switching element R(l,4) and top port 0 of switching element R(2,0); and stop diverting 
the traffic from bottom port 1 of switching element R(l,4) and top port 0 of switching element 
R(2,0). 
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[0596] The rewiring step continues by selecting top port 0 of switching element R(2,4) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 79) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(2,4) and bottom port 2 of switching element 
R(1,0) as shown in Fig. 82N; starting top port 0 of switching element R(2,4) and bottom port 2 of 
switching element R(1,0); and stop diverting the traffic from top port 0 of switching element R(2,4) 
and bottom port 2 of switching element R(1,0). This completes the rewiring of ISIC network 7224. 
[0597] Now, the rewiring step switches to ISIC network 7222. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, bottom port 2 of switching element R(0,3) is not connected to anything with corresponding 
port according to Fig, 79, top port 2 of switching element R(l,2). Top port 2 of switching element 
R(l,2) is currently connected to bottom port 1 of switching element R(0,3). The breaking this 
connection introduces a second broken connection to R(0,3), so bottom port 2 of switching element 
R(0,3) is not selected. Continuing to scan from right to left, top port 0 of switching element R(l,3) 
is not connected to anything with corresponding port according to Fig. 79, bottom port 2 of 
switching element R(0,0). Bottom port 2 of switching element R(0,0) is currently connected to 
top port 0 of switching element R(l,2). The breaking this connection introduces a second broken 
connection to R(0,0), so top port 0 of switching element R(l,3) is not selected. Continuing to 
scan from right to left, top port 2 of switching element R(1,0) is not connected to anything with 
corresponding port according to Fig. 79, bottom port 0 of switching element R(0,3). Bottom port 
0 of switching element R(0,3) is currently connected to top port 2 of switching element R(l,l). The 
breaking this connection introduces a second broken connection to R(0,3), so top port 2 of switching 
element R(1,0) is not selected. Continuing to scan from right to left, bottom port 0 of switching 
element R(0,0) is not connected to anything with corresponding port according to Fig. 79, top 
port 0 of switching element R(l,l). Top port 0 of switching element R(l,l) is currently connected 
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to bottom port 1 of switching element R(0,0). The breaking this connection introduces a second 
broken connection to R(0,0), so bottom port 0 of switching element R(0,0) is not selected. Since 
none of the ports that are not connected satisfy the second port selection criterion, the selection 
process continues by selecting the rightmost port not connected to anything, that is bottom port 
2 of switching element R(0,3). 

[0598] With bottom port 2 of switching element R(0,3) selected and recalling that its corre- 
sponding port, top port 2 of switching element R(l,2), is connected to bottom port 1 of switching 
element R(0,3), the rewiring step continues by diverting traffic from top port 2. of switching el- 
ement R(l,2) and bottom port 1 of switching element R(0,3); stopping top port 2 of switching 
element R(l,2) and bottom port 1 of switching element R(0,3); disconnecting top port 2 of switch- 
ing element R(l,2) and bottom port 1 of switching element R(0,3) and moving the disconnected 
connection to bottom port 2 of switching element R(0,3) as shown in Fig. 820; starting bottom 
port 2 of switching element R(0j3) and top port 2 of switching element R(l,2); and stop diverting 
the traffic from bottom port 2 of switching element R(0,3) and top port 2 of switching element 
R(l,2). 

[0599] It should be noted that in Fig. 82 O, the rewiring step of moving the connection 
from bottom port 1 of switching element R(0,3) to top port 1 of switching element R(0,3), while 
the coimection is temporarily broken, there is no path between R(0,3) and R(2,2). As a result 
any communications between the external top ports of switching element R(0,3) and the external 
bottom ports of switching element R(2,2) is unavailable. In this case, it is clear that the moving 
of the connection is actually a swapping operation, so clearly relabeling ISIC network 7222 would 
have remedied this unavailability. 

[0600] • Now, the rewiring step switches to ISIC network 7226, The rewiring step continues 
by selecting top port 1 of switching element R(3,2) because scanning from right to left, it is the 
first port bottom or top not connected to anything and whose corresponding port (according to 
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Fig. 79) is also not connected to anything; establishing a new connection between top port 1 of 
switching element R(3,2) and bottom port 1 of switching element R(2,l) as shown in Fig. 82P; 
starting top port 1 of switching element R(3,2) and bottom port 1 of switching element R(2,l); 
and stop diverting the traffic from top port 1 of switching element R(3,2) and bottom port 1 of 
switching element R(2 , 1 ) . 

[0601] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, bottom port 1 of switching element R(2,4) is 
not connected to anything with corresponding port according to Fig. 79, top port 0 of switching 
element R(3,l). Top port 0 of switching element R(3,l) is currently connected to bottom port 1 of 
switching element R(2,0). The breaking this connection introduces a second broken connection to 
R(2,0), so bottom port 1 of switching element R(2,4) is not selected. Continuing to scan from right 
to left, top port 0 of switching element R(3,4) is not connected to anything with corresponding 
port according to Fig. 79, bottom port 1 of switching element R(2,0). Bottom port 1 of switching 
element R(2,0) is currently connected to top port 0 of switching element R(3,l). The breaking this 
connection introduces a second broken connection to R(2,0), so top port 0 of switching element 
R(3,4) is not selected. Continuing to scan from right to left, top port 2 of switching element R(3,l) 
is not connected to anything with corresponding port according to Fig. 79, bottom port 2 of 
switching element R(2,2). Bottom port 2 of switching element R(2,2) is currently connected to 
top port 0 of switching element R(3,3). The breaking of this connection does not leave switching 
element R(2,2) or switching element R(3,3) with more than one broken connection. This completes 
the selection process for this step. 

[0602] With top port 2 of switching element R(3,l) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(2,2), is connected to top port 0 of switching element 
R(3,3), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(2,2) and top port 0 of switching element R(3,3); stopping bottom port 2 of switching element 
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R(2,2) and top port 0 of switching element R(3,3); disconnecting bottom port 2 of switching ele- 
ment R(2,2) and top port 0 of switching element R(3,3) and moving the disconnected connection 
to top port 2 of switching element R(3,l) as shown in Fig. 82Q; starting top port 2 of switching 
element R(3,l) and bottom port 2 of switching element R(2,2); and stop diverting the traffic from 
top port 2 of switching element R(3,l) and bottom port 2 of switching element R(2,2). 
[0603] The rewiring step continues by selecting top port 0 of switching element R(3,3) because 
scanning from right to left, it is the first port bottom or top not connected to anything and whose 
corresponding port (according to Fig. 79) is also not connected to anything; establishing a new 
connection between top port 0 of switching element R(3,3) and bottom port 0 of switching element 
R(2,0) as shown in Fig. 82R; starting top port 0 of switching element R(3,3) and bottom port 
0 of switching element R(2,0); and stop diverting the traffic from top port 0 of switching element 
R(3,3) and bottom port 0 of switching element R(2,0). 

[0604] Now, the rewiring step switches to ISIC network 7222. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, bottom port 1 of switching element R(0,3) is not connected to anything with corresponding 
port according to Fig. 79, top port 2 of switching element R(l,l). Top port 2 of switching element 
R(l,l) is currently connected to bottom port 0 of switching element R(0,3). The breaking this 
connection introduces a second broken connection to R(0,3), so bottom port 1 of switching element 
R(0,3) is not selected. Continuing to scan from right to left, top port 0 of switching element R(l,3) 
is not connected to anything with corresponding port according to Fig. 79, bottom port 2 of 
switching element R(0,0). Bottom port 2 of switching element R(0,0) is currently connected to 
top port 0 of switching element R(l,2). The breaking this connection introduces a second broken 
connection to R(0,0), so top port 0 of switching element R(l,3) is not selected. Continuing to 
scan from right to left, top port 2 of switching element R(1,0) is not connected to anything with 
corresponding port according to Fig. 79, bottom port 0 of switching element R(0,3). Bottom port 
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0 of switching element R(0,3) is currently connected to top port 2 of switching element R(l,l). The 
breaking this connection introduces a second broken conniection to R(0j3), so top port 2 of switching 
element R(1,0) is not selected. Continuing to scan from right to left, bottom port 0 of switching 
element R(0,0) is not connected to anything with corresponding port according to Fig. 79, top 
port 0 of switching element R(l,l). Top port 0 of switching element R(l,l) is currently connected 
to bottom port 1 of switching element R(0,0). The breaking this connection introduces a second 
broken connection to R(0,0), so bottom port 0 of switching element R(0,0) is not selected. Since 
none of the ports that are not connected satisfy the second port selection criterion, the selection 
process continues by selecting the rightmost port not connected to anything, that is bottom port 

1 of switching element R(0,3). 

[0605] With bottom port 1 of switching element R(0,3) selected and recalUng that its corre- 
sponding port, top port 2 of switching element R(l,l), is connected to bottom port 0 of switching 
element R(0,3), the rewiring step continues by diverting traffic from top port 2 of switching el- 
ement R(l,l) and bottom port 0 of switching element R(0,3); stopping top port 2 of switching 
element R(l,l) and bottom port 0 of switching element R(0,3); disconnecting top port 2 of switch- 
ing element R(l,l) and bottom port 0 of switching element R(0,3) and moving the disconnected 
connection to bottom port 1 of switching element R(0,3) as shown in Fig. 82S; starting bottom 
port 1 of switching element R(0,3) and top port 2 of switching element R(l,l); and stop diverting 
the traffic from bottom port 1 of switching element R(0,3) and top. port 2 of switching element 
R(l,l). 

[0606] The rewiring step continues by selecting bottom port 0 of switching element R(0,3) 
because scanning from right to left, it is the first port bottom or top not connected to anything and 
whose corresponding port (according to Fig. 79) is also not connected to anything; establishing 
a new connection between bottom port 0 of switching element R(0,3) and top port 2 of switching 
element R(1,0) as shown in Fig. 82T; starting bottom port 0 of switching element R(0,3) and top 
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port 2 of switching element R(1,0); and stop diverting the traffic from bottom port 0 of switching 
element R(0,3) and top port 2 of switching element R(1,0). 

[0607] Scanning from right to left, no port, top or bottom, has a corresponding port which 
is not connected. Again, scanning from right to left, top port 0 of switching element R(l,3) 
is not connected to anything with corresponding port according to Fig. 79, bottom port 2 of 
switching element R(0,0). Bottom port 2 of switching element R(0,0) is currently connected to 
top port 0 of switching element R(l,2). The breaking this connection introduces a second broken 
connection to R(0,0), so top port 0 of switching element R(l,3) is not selected. Continuing to 
scan from right to left, bottom port 0 of switching element R(0,0) is not connected to anything 
with corresponding port according to Fig. 79, top port 0 of switching element R(l,l). Top port 0 
of switching element R(l,l) is currently connected to bottom port 1 of switching element R(0,0). 
The breaking this connection introduces a second broken connection to R(0,0), so bottom port 0 
of switching element R(0,0) is not selected. Since none of the ports that are not connected satisfy 
the second port selection criterion, the selection process continues by selecting the rightmost port 
not connected to anything, that is top port 0 of switching element R(l,3). 

[0608] With top port 0 of switching element R(l,3) selected and recalling that its correspond- 
ing port, bottom port 2 of switching element R(0,0), is connected to top port 0 of switching element 
R(l,2), the rewiring step continues by diverting traffic from bottom port 2 of switching element 
R(0,0) and top port 0 of switching element R(l,2); stopping bottom port 2 of switching element 
R(0,0) and top port 0 of switching element R(l,2); disconnecting bottom port 2 of switching ele- 
ment R(0,0) and top port 0 of switching element R(l,2) and moving the disconnected connection 
to top port 0 of switching element R(l,3) as shown in Fig. 82TJ; starting top port 0 of switching 
element R(l,3) and bottom port 2 of switching element R(0,0); and stop diverting the traffic from 
top port 0 of switching element R(l,3) and bottom port 2 of switching element R(0,0). 
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[0609] Now, the rewiring step switches to ISIC network 7226. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, bottom port 1 of switching element R(2,4) is not connected to anything with corresponding 
port according to Fig. 79, top port 0 of switching element R(3,l). Top port 0 of switching element 
R(3,l) is currently connected to bottom port 1 of switching element R(2,0). The breaking of this 
connection does not leave switching element R(2,0) or switching element R(3,l) with more than 
one broken connection. This completes the selection process for this step. 

[0610] With bottom port 1 of switching element R(2,4) selected and recalling that its corre- 
sponding port, top port 0 of switching element R(3,l), is connected to bottom port 1 of switching 
element R(2,0), the rewiring step continues by diverting traffic from top port 0 of switching el- 
ement R(3,l) and bottom port 1 of switching element R(2,0); stopping top port 0 of switching 
element R(3,l) and bottom port 1 of switching element R(2,0); disconnecting top port 0 of switch- 
ing element R(3,l) and bottom port 1 of switching element R(2,0) and moving the disconnected 
connection to bottom port 1 of switching element R(2,4) as shown in Fig. 82V; starting bottom 
port 1 of switching element R(2,4) and top port 0 of switching element R(3,l); and stop diverting 
the traffic from bottom port 1 of switching element R(2,4) and top port 0 of switching element 
R(3,l). 

[0611] Now, the rewiring step switches to ISIC network 7222. Scanning from right to left, no 
port, top or bottom, has a corresponding port which is not connected. Again, scanning from right 
to left, top port 0 of switching element R(l,2) is not connected to anything with corresponding 
port according to Fig. 79, bottom port 1 of switching element R(0,0). Bottom port 1 of switching 
element R(0,0) is currently connected to top port 0 of switching element R(l,l). The breaking this 
connection introduces a second broken connection to R(0,0), so top port 0 of switching element 
R(l,2) is not selected. Continuing to scan from right to left, bottom port 0 of switching element 
R(0,0) is not connected to anything with corresponding port according to Fig. 79, top port 0 
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of switching element R(l,l). Top port 0 of switching element R(l,l) is currently connected to 
bottom port 1 of switching element R(0,0). The breaking this connection introduces a second 
broken connection to R(0,0), so bottom port 0 of switching element R(0,0) is not selected. Since 
none of the ports that are not connected satisfy the second port selection criterion, the selection 
process continues by selecting the rightmost port not connected to anything, that is top port 0 of 
switching element R(l,2). 

[0612] With top port 0 of switching element R(l,2) selected and recalling that its correspond- 
ing port, bottom port 1 of switching element R(0,0), is connected to top port 0 of switching element 
R(l,l), the rewiring step continues by diverting traffic from bottom port 1 of switching element 
R(0,0) and top port 0 of switching element R(l,l); stopping bottom port 1 of switching element 
R(0,0) and top port 0 of switching element R(l,l); disconnecting bottom port 1 of switching ele- 
ment R(0,0) and top port 0 of switching element R(l,l) and moving the disconnected connection 
to top port 0 of switching element R(l,2) as shown in Fig. 82 W; starting top port 0 of switching 
element R(l,2) and bottom port 1 of switching element R(0,0); and stop diverting the traffic from 
top port 0 of switching element R(l,2) and bottom port 1 of switching element R(0,0). 
[0613] Now, the rewiring step switches to ISIC network 7226. The rewiring step continues 
by selecting top port O of switching element R(3,4) because scanning from right to left, it is the 
first port bottom or top not connected to anything and whose corresponding port (according to 
Fig. 79) is also not connected to anything; establishing a new connection between top port 0 of 
switching element R(3,4) and bottom port 1 of switching element R(2,0) as shown in Fig. 82X; 
starting top port 0 of switching element R(3,4) and bottom port 1 of switching element R(2,0); 
and stop diverting the traffic from top port 0 of switching element R(3,4) and bottom port 1 of 
switching element R(2,0). This completes the rewiring of ISIC network 7226. 
[0614] Now, the rewiring step switches to ISIC network 7222. The rewiring step continues 
by selecting top port 0 of switching element R(l,l) because scanning from right to left, it is the 
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first port bottom or top not connected to anything and whose corresponding port (according to 
Fig. 79) is also not connected to anything; establishing a new connection between top port 0 of 
switching element R(l,l) and bottom port 0 of switching element R(0,0) as shown in Fig. 82Y; 
starting top port 0 of switching element R(l,l) and bottom port 0 of switching element R(0,0); 
and stop diverting the traffic from top port 0 of switching element R(l,l) and bottom port 0 of 
switching element R(0,0). This completes the rewiring of ISIC network 7222. 
[0615] This completes the reconfiguring process. The upgrade to the architecture depicted 
in Fig. 79 is completed when external ports 7202 and 7204, are activated and traffic is guided 
through them. 

[0616] Thus far the examples given reconfigure RBCCG switching networks. The reconfigura- 
tion process can apply in the same manner for other multistage interconnection networks, provided 
that sufficient fault tolerance exists and a routing algorithm is implemented that accounts for the 
change of the architecture during the upgrade process. 

[0617] As with any reconfiguration process, the post-reconfiguration architecture must be a 
viable switching network architecture. For example, it is known that the insertion of an extra 
stage with an extra ISIC network into a functionally connected Banyan network such as the one 
depicted in Fig. IB can destroy the functionally connected property of the network, despite the 
fact that an extra stage usually gives path redundancy. Fig. 83 depicts a Banyan network with an 
extra stage 7304 and an extra ISIC network 7302 which is a CGISIC network. Though the Banyan 
network from which this network is derived from is functionally connected, the hybrid network is 
not, as proof, one should note there is no path from port S to port D. All paths originating from 
port S to the external ports on the last stage are shown in bold, clearly, port D is not one that can 
be reached. 

[0618] As a general rule, for a switching network that is a hybrid switching network, having 
additional stages coupled with CGISIC networks such as those depicted in Figures 13A-13H, 
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where the extra stage is added to either the top or bottom of the network are upgradeable. In 
such a hybrid switching network, such as the one depicted in Fig. 84A, an extra stage can be 
inserted anywhere adjacent to the CGISIC network 7402 used for augmentation as indicated by 
arrow 7406. In the spUcing process, the connections can be broken by disconnecting the top ports 
or bottom ports of switching elements in stage 7404, depending on the embodiment of the spUcing 
algorithm used. 

[0619] Fig. 84B shows the result after the splicing operation in accordance with the descrip- 
tion above. Fig. 84C shows the resultant switching network after the upgrade process is complete; 
in particular, after the rewiring operation is completed. The rewiring operation can be performed 
based on the descriptions set forth above. 

[0620] Arrows 7412 and 7414 in Fig. 84C indicate insertion locations for the addition of still 
another stage. The result would be the switching network depicted in Fig. 84D where arrows 
7422, 7424, and 7426 indicate insertion locations for the further addition of another stage. 

[0621] As for changes in fanout or width, the reconfiguration process set forth above can be 
apphed, provided there is sufficient fault tolerance. For example, the delta network of Fig. 15A 
can be reconfigured to either the switching network of Fig. 15B or Fig. 15C. However, the 
switching network Fig. 15C is not functionally connected, and Fig. 15A does not have sufficient 
fault tolerance to guarantee no interruption of service during the reconfiguration process; that is, 
during the reconfiguration process, the switching network can fail to be functionally connected. 
Nonetheless, the reconfiguration process set forth above tends to minimize the impact of the lack of 
functional connectivity. Furthermore, if the switching networks depicted in Fig. 15A, Fig. 15B 
and Fig. 15C were augmented by an extra stage and a CGISIC network, the reconfiguration 
process set forth above can be used to make the transformation between any two of those switching 
networks without interruption of service. 
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[0622] Naturally, another use of the reconfiguration process would be to transform a hybrid 
switching network, which lacks symmetry and is more cumbersome to design and describe, into a 
RBCCG switching network, which is easier to describe and possesses greater symmetry, which can 
lead to a much more manageable upgrade path. 

[0623] The reconfiguration process set forth above can also be applied to the Cartesian product 
of any of the scalable switching networks described above, provided there is sufficient fault tolerance 
in the pre-reconfiguration and post-reconfiguration switching networks. 

[0624] The reconfiguration Cartesian product networks can be described in terms of changing 
the various fanouts and widths of the network, as well as the number of stages. For exgunple in 
the two dimensional RBCCG networks set forth above, the fanouts Fi and F2, the widths Wi and 
W2 as well as the height H, can be changed. The reconfiguration process is as set forth above, 
except the specific embodiments regarding port selection should be adapted for the context. For 
example, in selecting the port in the one-dimensional RBCCG network, the ports are scanned from 
left to right to find the best candidate port to manipulate first. With a two-dimensional (or higher 
dimensional) multistage switching network, this description does not fit. Any systematic scanning 
method can be used, including but not limited to, raster scanning, serpentine scanning, and zig-zag 
scanning, shown in Fig. 85A, Fig. 85B and Fig. 85C respectively. 

[0625] For clarity, the ISIC networks are omitted firom the diagrams to follow, but should be 
assumed to included as part of the switching networks described. Fig. 86 A shows an expansion 
by a single vertical slice analogous to a column expansion in an one-dimensional RBCCG. This 
causes an increase in the number of switching elements in the Xi direction. Though not shown, 
the same kind of expansion could also be implemented in the X2 direction. Fig. 86B shows a 
more arbitrary width expansion where the Wi width is expanded by one but the placements are 
completely arbitrary; similarly, this could be applied to expansion to the W2 width. Fig. 86C 
shows an expansion in both the Wi and W2 widths using a method analogous to column upgrades. 
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Fig. 86D shows an expansion in both the Wi and W2 widths, but in a more arbitrary fashion. In 
Fig. 86A, Fig. 86B, Fig. 86C and Fig. 86D, the ISIC networks are not shown to simphfy the 
diagram and the new switching elements are highlighted by hatching. 

[0626] Fig. 87A and Fig. 87B show a simultaneous upgrade in fanout, width, and height. 
Fig. 87A shows the pre-reconfiguration switching network architecture, and Fig. 87B shows the 
post-reconfiguration architecture. In particular, the width is increased by one in the Xi direction, 
and the fanout is increased by a fixed amount (no value is specifically shown, but any increase 
is legitimate) in the X2 direction. Additionally, an extra stage of switching elements is inserted 
between stages 2 and 3. In Fig. 87B, the increased fanout is denoted by hatching and added 
switching elements are highlighted by hatching. 

[0627] Furthermore, when considered in its flattened form hke that depicted in Fig. 20A, 
a Cartesian product network can be treated as a one-dimensional multistage switching network, 
and it can be transformed with the reconfigtu-ation process set forth above to any other viable 
one-dimensional multistage switching network. 

[0628] The overlaid switching networks can be reconfigured using the process set forth above. 
The fault tolerance requirements are more relaxed in this architecture. Because of the alternate 
paths that exploit connections in both the IRIC and ICIC networks, fault tolerance of the switching 
network is magnified over that of the source multistage switching network. An overlaid switching 
network with its IRIC derived firom the ISIC network of a Banyan such as the one shown in 
Fig. 24C can be upgraded in width, though there is insufiicient fault tolerance in a Banyan 
network to upgrade a Banyan network as a multistage switching network, because the overlaid 
network draws additional fault tolerance from connections in the ICIC networks. 
[0629] In order to simply the description, an exemplar depicting a simple upgrade in width 
is presented. To properly apply the process set forth above for multistage switching networks 
to overlaid switching networks, it should be noted that in upgrading the multistage switching 
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networks, after the preliminary shuffling of hardware, focus is on the rewiring of the ISIC networks. 
In an overlaid switching network, after initial shuffling of hardware, the focus of the upgrade process 
is on rewiring the IRIC and ICIC networks. 

[0630] Fig. 88A shows an overlaid switching network 7902 formed by overlaying an RBCCG 
network with 5 columns and 4 rows onto an RBCCG network with 4 coliunns and 5 rows, both 
with a fanout per switching element of 3. Since this is an upgrade, there are no external ports that 
need to be deactivated. Next, a column 7904 of switching elements is prepared for insertion, by 
making any connections between them that axe to be made in the post-reconfiguration switching 
network. Thus far, the process matches that performed if one were to upgrade by width with 
respect to the IRIC networks. 

[0631] Since both the IRIC and ICIC networks require reconfiguration, one could simply 
perform a width upgrade, considering the overlaid network as multistage switching networks, with 
the rows as the stages and the IRIC networks as ISIC networks. Then, perform a stage upgrade, 
considering the overlaid network as a multistage switching network, with the columns as the stages 
and the ICIC networks as the ISIC networks. In either order as proscribed, the process set forth for 
reconfiguring a multistage switching networks. In that regard, the stage upgrade is recommended to 
be performed first because typically a stage upgrade tends to increase redundancy in the switching 
network, while a width upgrade tends to decrease redundancy and increase throughput, 
[0632] In the example of Fig. 88 A, a different tactic is adopted. To increase the overall 
redundancy of the network, colunm .7904 is spHced into the network at the location indicated by 
arrow 7906 in accordance with the splicing step set forth above, resulting in Fig. 88B. 
[0633] At this point, the general description of the rewiring step set forth above could be 
broadened. The step for a multistage switching network is to select a port that needs rewiring, 
break any existing connection, and connect the port to the corresponding port in accordance 
with the post-reconfiguration switching network, where the specific embodiments break the port 
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selection into organized steps. This description now applies to left ports and right ports in addition 
to the top ports and bottom ports of a multistage switching network. The example given here first 
rewires the ICIC networks, selecting the center-most ICIC network 7910 first, and then proceeds 
outward to the other ICIC networks 7908 and 7912, then the IRIC network 7914. The reason 
for selecting the ICIC networks first is that some of the switching elements have top and bottom 
ports that are disconnected. By connecting them properly by rewiring the ICIC networks first, 
the network increases its redundancy. When such redundancy during the upgrade process is not 
critical, another order of rewiring can be used. 

[0634] Fig. 88C shows the switching network after ICIC network 7910 is rewired. Fig. 88D 
shows the switching network after ICIC 7908 is rewired. Fig. 88E shows the switching network 
after ICIC 7912 is rewired. Fig. 88F shows the switching network after IRIC 7914 is rewired. 
Connecting and activating the external ports introduced by column 7904 and allowing traffic to 
flow through them completes the upgrade process. 

[0635] A few additional examples of reconfiguration of overlaid switching networks is given. 
Fig. 89A shows the same RBCCG network as in Fig. 88 A. Fig. 89B shows the addition of new 
top and bottom ports to each switching element in preparation for a fanout upgrade. Fig. 89C 
shows the forming of all connections, in accordance with the post-reconfiguration switching net- 
work, which can be made without breaking existing connections; specifically the rightmost top and 
bottom ports of the rightmost switching elements are connected to the adjacent row's switching el- 
ement. Only the IRIC networks need to be rewired, so the step follows identically the rewiring step 
as set forth above. For simplicity's sake, the optional relabeling" is not performed here. Fig. 89D 
shows the result of rewiring the IRIC network between row 1 and row 2. Fig. 89E shows the result 
of rewiring the IRIC network between row 0 and row 1. Fig. 89F shows the result of rewiring 
the row 2 and row 3. Upon connecting and activating the new external ports introduced by the 
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upgrade so that traffic is allowed to flow through theru, the upgrade process is completed. It should 
be noted that the switching element rows are numbered from the 0 to 3 with row 0 at the top. 

[0636] Due to the two dimensional layout of the overlaid architecture, it can be desirable to 
"take the fanout" from one direction and "give it to another." More precisely stated, if an RJBCCG 
network of per switching element fanout Fi is overlaid on an RBCCG network of per switching 
element fanout F2, this network can be converted without addition of hardware to a network with 
the same dimensions except with per switching element fanouts of Fi + 1 and F2 — 1. 

[0637] Fig. 90A shows an overlaid switching network formed from a 5 column 4 row RBCCG 
network with a fanout of 2, overlaid on a 5 column 4 row RBCCG network with a fanout of 3. 
The reconfiguration is to convert it to an overlaid switching network formed from a 5 column 4 
row RBCCG network with a fanout of 3, overlaid onto a 5 column 4 row RBCCG network with a 
fanout of 2. 

[0638] Fig. 90B shows the same switching network shown in Fig. 90A, but drawn a little 
diflFerently. Fig. 90C shows a left port for each switching element reassigned as a top port, and 
a right port for each switching element reassigned as a bottom port. Before proceeding to the 
rewiring step, traffic to ports that were originally external but will cease to be should be shut off, 
traffic should be diverted from them, and the ports should be disconnected. The rewiring step set 
forth above can be apphed with some modification. Generally, the upgrade procedure comprises 
the steps of selecting a port not correctly connected to its corresponding port, as defined by the 
post-reconfiguration axchitectmre, and rewiring it to the corresponding port, breaking any existing 
connection when necessary. The choice of which port to select depends of various factors. Most 
commonly, the desire to minimize service disruption takes precedence, so one could select a port 
which doesn't require the breaking of an existing connection, or, failing that, select a port that is 
available due to breaking a connection on the previous iteration. The resultant rewired switching 
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network is shown in Fig. 90D. Any former internal ports that have become external ports in this 
process can become active, wired to external sources, and have traffic flow through them. 
[0639] The scalable switching networks described above can be upgraded in a non-stop man- 
ner; however this upgrade must be done in a certain order to minimize the aflFect on the traffic 
carrymg capacity of the network. Although the systems and methods set forth below are given m 
terms of an upgrade procedure, it should be understood that these systems and methods can be 
appUed to the general reconfiguration processes described above. 

[0640] Several methods are described which either facihtate or implement these upgrade pro- 
cedures. All the techniques below employ common software elements to work effectively. First, the 
software needs to detect the current architecture, and generate the upgraded target architecture 
and from that, derive the set of steps required for the non-disruptive upgrade, for example, as 
derived firom the post-reconfiguration architecture. 

[0641] Second, the software needs to monitor the process of the upgrade procedure. Current 
software such as OpenView by HP and NetCool performs this functionality using the SNMP or 
other supervisory protocols. 

[0642] Third, the software needs to poll and verify individual connections. One method is 
to instruct the specific switching element to check the status of a connection associated with a 
particular port. This check can be done at the physical level by testing to see if there is any light 
on an optical connection. This can also be done at the protocol level by checking to see if point- 
to-point protocol (PPP) is running. The switching element can then either report directly back 
to the software or include the information in a supervisory protocol message. Another method for 
the software to verify the individual connection is to trace traffic through specific routes in the 
scalable switching network with a program similar to the UNIX"^^ traceroute program. 
[0643] Fourth, as an optional enhancement, the software could further comprise a module 
which instructs a switching element to divert traffic flow to the line card or port associated with 
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the connection to be broken, and to terminate the traffic flow from the Une card or port associated 
with the connection to be broken. Similarly, it can instruct a switching element to resume traffic 
flow to and from a line card or port associated with a connection to be established. Though not 
necessary, this would further limit disruption to the service during the upgrade process. 
[0644] Using the software described above, one could monitor the progress of an upgrade, as 
well as receive instructions for what connection to move. For instance, a technician running the 
software could be instructed to disconnect port 1 on switchmg element 5, and reconnect that fiber 
to vacant port 2 on switching element 3. Then the software csm check to see if that connection 
was properly made, and indicate that to the technician. 

[0645] Fig. 91 shows a physical implementation of a scalable switching network. The switch- 
ing elements 9300 are connected via some cables (most hkely optical fiber) 9302 to a patch panel 
9304. The patch panel is connected to a series of (optical fiber) jumpers 9306. These jumpers 
are connected back to the patch panel. For one switching element to connect to another switch- 
ing element, it must connect through a cable to the patch panel, then through a jumper back to 
the patch panel, and finally through another cable to the second switching element. Clearly, in 
such a scheme, one need only change the jumpers to rewire the connections between the switching 
elements. 

[0646] Fig. 92 shows a schematic of a patch panel. The patch panel comprises connectors 
to the switching elements (not shown) in the reax, connectors 9400 for the jumpers in front, and 
indicator lights 9402. These lights are connected to some kind of central driver which can be 
addressed by a computer. Each connector 9400 has a light associated with it. Such a patch panel 
is commercially available from vendors such as Siemens. 

[0647] The software described above can further comprise a module, which can drive these 
lights which serves as a guide to instruct the technician which connection to move diuring the 
upgrade process. Some convention should be established in order to instruct the technician of the 
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actions. This can be accomplished if the Ughts have colors, or by varying the lighting states of the 
light such as a steady light, a fast blinking light, and a slow blinking light. If colors axe available, 
additional states can be created by alternating colors in a blinking mode. An indication convention 
should be estabUshed to indicate a "disconnect me," "connect me" and "error in connection." 
[0648] The technician can be directed through the upgrade or reconfiguration through the 
process described in Fig. 94. The order of operation can be determined by a computer configured 
to operate the process in Fig. 94. For example, the connection to be manipulated in the step 
"determine next connection to be established" can be determined by a computer with the pre- 
reconfiguration architecture and post-reconfigurationarchitecture programmed. Prom those two 
switching networks and the current state of the present switching network, the computer can de- 
termine based on the reconfiguration process set forth above, the next connection to be established. 
Furthermore, this computer can be in communication with the switching network and can monitor 
whether the correct connection is made. In one embodiment, the computer can back a technician 
out of an erroneous connection being established or broken. 

[0649] In a typical operation of an embodiment of this method, a technician invokes the 
software application described and then proceeds to the patch panel. An indicator hght instructs 
him to make a connection or to disconnect a port. Once each step is successfully completed, he 
can receive acknowledgment that the step was successfully undertaken. After the entire upgrade is 
complete, there could be a convention indicating all is successful, such as all the lights on all ports 
blinking for 10 seconds. 

[0650] In the previous embodiment of upgrade assistance, the technician performs a rather 
mechanical operation. Due to the length and perhaps tedium of such an procedure, it can be 
desirable to replace the technician in the procedure with a robot. 

[0651] Without going into any extreme detail in robotics, a robotic arm could be attached to 
each patch panel and be controlled by the same central software which was guiding the technician 
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in the previous embodiment. So rather than indicating to the technician which connection to make 
or break, a robotic arm is instructed which changes to make. There should also be a location on 
the patch panel to store "spare" jumpers. In that during some of the upgrade process, completely 
new connections are made or old connections are completely broken. 

[0652] The robotic technology to implement this has been around for over twenty years, 
dating back to graphic plotters by Hewlett-Packard that would grab different colored ink pens 
and manipulate them to certain locations on a plotting package. Such a device has the essential 
ingredients to perform the upgrade. This type of robotic arm may encounter problems arising from 
interference with the other jumper cables. However, modern robotics has evolved much further 
and modern robotics used in mass production manufacturing has devices which can deal with this. 

[0653] Though the robotic method of the preceding can eliminate much of the human er- 
ror that can occur in the upgrade process, mechanical processes such as robotics are prone to 
breakdown, compared to a purely solid state processes. The embodiments described below employ 
addressable latching switches to perform upgrade processes. . 

[0654] In the first embodiment, the network comprises switching elements for which each port 
is augmented with a latching switch. For example, Fig. 93 depicts a router comprising latching 
switches coupled to each port. In alternative embodiments of this enhancement, the latching 
switch could be built into the router*s line cards and addressable by the router, or the latching 
switch could be appended to the router ports and addressable through a connection directly to 
the latching switch. The router depicted can be any router or more generally any of the switching 
elements described. The latching switch can be directed into its switching states by a signal. In 
this particular embodiment, the latching switch is a single pole double throw switch and can be set 
to one of two states, referred to as the first state and the second state. Each state directs traffic 
to one of two ports. It is also desirable, for error checking purposes, for the latching switches to 
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be poUable, that is, with a proper communications module in the software, the current state of a 
switch is obtainable. 

[0655] During normal operations, only the first set of ports of the latching switches are con- 
nected to the other first set of ports of latching switches corresponding to other routers in such 
a fashion as to implemented the interconnection networks of the scalable switching architectures 
described. Though not required, these connections could be implement through the use of a patch 
panel as described above. During this normal operation, the second set of ports on all the latching 
switches are all idle and need not have any connections to them. 

[0656] During the upgrade process, the first step is to wire the second set of ports on the 
latching switches to the other second set of ports on other routers in the manner of the intercon- 
nection network to be upgraded to. Connections can then be broken and established in accordance 
with the upgrade procedures under the control of the software described above. 

[0657] Fig. 95A depicts a pre-upgrade picture where router 9600 is connected through a 
latching switch 9602, through a connection 9604, to another latching switch 9606 to router 9608. 
Supposed during the upgrade process router 9600 should be connected to router 9610, then the 
second ports on latching switch 9602 and 9612 should be connected. When it is necessary to make 
the make this connection change, latching switch 9602 is thrown to break connection 9604 and 
latching switch 9612 is thrown to establish the new connection. It should be noted that now the 
port connected to latching switch 9606 is now broken as a result, but is presumably repaired later 
in the upgrade process. Fig. 95B depicts an post-upgrade pictiure when router 9600 is connected 
to 9610. 

[0658] After the upgrade process is complete, the interconnections now operate through the 
second set of ports for each latching switch. Upon the next upgrade, the new network can be wired 
to the first set of ports for each latching switch 
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[0659] Another embodiment uses a prepackaged interconnection box. Fig. 96 depicts the 
overall architecture of this switching network, where routers are all connected to the prepackaged 
interconnection box. If a router is to communicate with another it must pass into the interconnec- 
tion box. In this particular design, the need for a patch panel is ehminated, although for practical 
purpose the connection from the routers through to the interconnection box can pass through a 
patch panel to simplify the physical layout of the devices. 

[0660] Fig. 97 shows a diagram of the prepackaged interconnection box. It comprises ex- 
ternal ports to switching elements, latching switches, internal connectors, and prepackaged in- 
terconnections on printed circuit boards. In addition, the latching switches are connected to a 
commimications port so that maintenance and upgrade software can query and manipulate the 
latching switches. Each external port is connected to a latching switch. The internal connectors 
are divided into two sets; each set is designed to interface with one interconnection board. Each 
latching switch is connected to two internal connectors, one in each of the two sets described above. 
[0661] In operation, the interconnection boards can be inserted into the interconnection box. 
Current practice is to have slots for the boards to be inserted. Locking safeguards can be imple- 
mented to ensure an interconnection board cannot be removed while the system is running. During 
normal operation, traffic would travel from one switching element to the interconnection box; de- 
pending on the current state, it would then traverse one set of connectors to an interconnection 
board, and back from the interconnection board through the same set of connectors out to another 
switching element. 

[0662] During the upgrade process, a second interconnection board representing the upgraded 
interconnection pattern, which can be an ISIC network for a given post-reconfiguration architecture, 
is inserted into the inactive slot in the interconnection box. At this point, switching elements are 
connected through latching switches to a current and upgraded interconnection pattern, so the 
software triggered switching of the latches switches can proceed in the same manner as the above 
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embodiment. After the upgrade process is complete, the original interconnection board can be 
removed. 

[0663] Using the interconnection box, to the technician performing the upgrade, the process 
should appear as follows: The software is invoked. A second interconnection board is inserted into 
the interconnection box. The technician can trigger the upgrade process or the board insertion 
could trigger the upgrade process, at which the software redirects traffic, according to the upgrade 
steps generated one connection at a time, to the second interconnection board. Upon completion, 
the technician is notified that the process is complete, and the first interconnection board can be 
removed. 

[0664] Fig. 98 shows a sample embodiment of an interconnection board implemented in 
optical fiber. Often, optical fiber has restrictions on the turning radii allowed before significant 
loss of signal occurs. Each fiber is coupled to a pair of connectors by which the interconnection 
board can be coupled to the interconnection box. 

[0665] Though the preceding embodiments are directed towards the use of high-speed routers 
with optical interconnections, latching switches are also available for high speed electronic con- 
nections and interconnection boards implemented as simple printed circuit boards are also readily 
available. Both the preceding embodiments can also be implemented as electronic devices as well 
as optical. 

[0666] Latching switches are described above so that no power is required in the first em- 
bodiment or in the interconnection box except during the process of upgrading. This also ensures 
stability during a power outage of the interconnection box. Though latching switches are described 
for both embodiments, powered switches, that is, switches that require power to maintain a second 
switching state, can be employed instead. It is far more cumbersome, but in both embodiments 
the use of powered switches can be substituted by first assembUng an identical interconnection pat- 
tern connected to the second port on the switches. After the identical interconnection pattern is 
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connected, each connection is transitioned over to the second set of interconnections by a powered 
switch. Once all the traffic is diverted to the redundant interconnection network, the first set of 
interconnections is reconfigured to the new upgrade pattern. Prom this point, the upgrade process 
is appUed in the same manner as described above with the finished architecture wired through the 
first set of interconnections, at which point, no power need be applied to the switches. 
[0667] As previously discussed, the scalable switching network can be upgraded by controlling 
and monitoring single pole double throw switches associated with the internal switching element 
ports. The upgrade procedure can also be accomplished by electronically controlled optical cross- 
bars as shown in Fig. 99. All the bottom ports associated with a particular stage of the scalable 
switching network can be connected to the inputs of an optical crossbar. All the top ports associ- 
ated with the subsequent stage of the scalable switching network can be connected to the outputs 
of the optical crossbar. The electronically controlled optical crossbar can thus connect any bottom 
port associated with a particular stage of the scalable switching network with any top port asso- 
ciated with the subsequent stage of the scalable switching network. This electronically controlled 
optical crossbar can be controlled by the same algorithm used to control the patch panel in Fig. 92. 
[0668] Fig. 100 A shows a typical competitive local exchange carrier (CLEG) for a metropoli- 
tan switching network. Add / drop nodes are connected in a ring topology with optical fiber. The 
CLEG is analogous to a freeway beltway that encircles many cities. The Add /Drop nodes are 
analogous to the fireeway on / off ramps. Long distance telecommunications providers such as 
MGI and AT&T, long distance data communications providers such as UUNET and MGI, local 
telecommunications access providers such as cellular telephone providers and RBOG's (regional 
Bell operating companies), data access providers such as digital subscriber line (DSL) providers, 
Internet Service Providers (ISP), cable modem providers, service providers such as AT&T, Cin- 
gular, and Gox Networks, and content providers such as Time Warner and Disney are or will be 
connected to the GLEG to provide commimication based services. 
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[0669] The optical fibers caxry Synchronous Optical Networking (SONET) circuits such as 
Optical Caxrier-12 (OC-12) and Optical Carrier (OC-48). The nodes use SONET add / drop 
multiplexers to add and drop various SONET circuits. The dropped SONET circuits can be 
connected to either telecommunications or data switching equipment. Operationally, a typical 
packet from ah access subscriber is sent to an access provider. The access provider routes this 
packet onto one of the SONET Add/Drop circuits. The SONET circuit is connected another 
SONET Add/Drop on the CLEG. This SONET Add/Drop is connected to another router that 
routes the packet to either an access subscriber or to a network backbone provider. 

[0670] Fig. lOOB shows an alternate configuration for a metropolitan switching network. In 
this configuration, all access to the metropoUtan network is directed through a central switching 
router network. The ring topology is replaced with a star topology. Each service provider is 
connected directly to this central switching router network. In this particular embodiment a 
RBCCG switching network is depicted, but any of the scalable switching networks described here 
can be used depending on the requirements of the metropolitan area. The advantages of this 
configuration include the ehmination of the need for Add/Drop hardw£u:e, and the assumption of 
large access routers into the central router network. The current preference towards the CLEG 
architecture lies in the fact that a very large switching capability is required, and that conventional 
clustering of routers is ad hoc in nature with the drawback of not adequately supporting isochronous 
traffic such as voice and video. In addition, ad hoc clustering of routers is not designed for any 
semblance of fault tolerance, and any redundancy is accidental. 

[0671] However, by employing large internet protocol (IP) routers such as the Gisco 12000, a 
network of IP routers can be constructed which has a high capacity to switch asynchronous and 
isochronous traffic simultaneously. In addition, any level of fault tolerance can be designed in. This 
configuration has the advantage that it can also be upgraded without disruption of service. In order 
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to best preserve fault tolerance, even at the edges, service providers with multiple connections to 
the router network should connect their connections to different routers whenever possible. 
[0672] The centralized RBCCG network shown in Fig. lOOB can also be implemented in a 
distributed manner on top of a ring topology. The individual switching elements of the RBCCG, 
which as shorthand are called RBCCG routers, can be distributed among various CLEG nodes and 
these routers can be interconnected by CLEG circuits. 

[0673] There is an advantage to locating certain RBCCG routers in certain locations. As 
mentioned previously, all the routers in a column of RBCCG routers as shown in Fig. lOOC 
can malfunction or be disconnected and the remaining coliunns of RBCCG routers will continue 
to function. It would thus be advantageous to locate all the routers associated with a column 
of RBCCG routers at the same CLEG node. CLEG communications bandwidth is thus used to 
increase the fault tolerance of the CLEG. 

[0674] Traditionally, the Add / Drop multiplexers are circuit based and not packet based. 
A new generation of packet based Add/Drop multiplexers is being developed which combine the 
functionality of a circuit based Add/Drop multiplexer and a packet based router. A RBCCG 
network can also be used to accomplish this. Each column of routers of an RBCCG network can 
be located at diflFerent CLEG node. The connections from the top of the top column router and the 
bottom of the bottom column router axe connected to either an access provider, communication 
provider, content provider, or service provider. The connections from the internal colmnn routers 
are either connected to other routers in the column are remotely connected by the CLEG to the 
internal column routers associated with other nodes. The RBCCG routers thus separate the local 
traffic from the CLEG traffic and also help route the packets to their final destination. 
[0675] The preceding section describes how scalable switching networks such as RBCCG net- 
works can be used to connect content providers, access providers, communications providers, and 
service providers on a metropolitan scale. This model can also be applied on a smaller scale. 

188 



Fig. 101 shows a typical "server complex" utilizing a high bandwidth scalable switching core 
much in the same way as the metropoUtan switching network shown in Fig. lOOA. This network 
comprises a plurality of external connections 8810 as well as a plurality servers 8812. Furthermore, 
this embodiment comprises local access points 8814. In addition to these components, this em- 
bodiment incorporates storage units such as a tape drive 8816 and a disk drive (or array of disk 
drives) 8818. A networked storage disk or tape drive could be considered a server, such as 8812. 
Here a server is any computer or device which provides any kind of service on the network. Typical 
servers include audio servers, video servers, web servers, databases, networked storage, or compute 
servers (a server dedicated to providing computation services for a network). 

[0676] The switching network depicted in this embodiment is a basic 24-port 4-stage RBCCG 
network. Each switching element can be a variety of routers from large IP routers to Ethernet 
switches. In the latter case of Ethernet switches, some features such as ^ fault coverage and up- 
gradeability become more difficult. For instance, while running standard protocols such as OSPF 
for. routing, an outage of a line card, connection, or complete router will automatically trigger a 
rerouting aroimd the defective part of the network. With simple switches, detection and rerouting 
can need to be handled by a central server monitoring status, which it can do using a standard pro- 
tocol such as SNMP. Similarly, during an upgrade, a system with dynamic routing such as OSPF 
can automatically adapt to the changing topology inherent in the upgrade process. While still 
feasible, a central server may be required to manage the individual routing tables of the switches 
during the upgrade process. 

[0677] When all the servers in such a complex are used strictly for networked storage, this 
architectiure becomes a network attached storage (NAS) unit. Fig. 102A shows a typical NAS 
configuration. In this embodiment, a tape drive unit is depicted for the purposes of backing up 
the storage units. It should also be noted that the external connections and the storage devices 
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axe intermingled rather than grouped together. This provides an extra degree of fault tolerance in 
the event of an outage on an externsd switching element or connection. 

[0678] Though subtly different, a storage area network (SAN) is defined to be a network array 
of storage devices interfaced to servers which communicate externally to the end user, whereas a 
NAS does not require such servers. In typical embodiments of SANs, the networking employed to 
connect the storage units is often a much simpler protocol. But since such networks still require 
switching, and when properly configured such switching also requires some form of routing, the 
scalable switching networks described above can be applied to the design of SANs. Fig. 102B 
shows a typical SAN design using the same 24-port 4-stage RBCCG. Fig. 102C shows another 
SAN design where larger servers with higher networking capacities are employed. 
[0679] Fig. 103 depicts an embodiment of a server complex where most of the servers are 
computer servers with some monitoring stations, and with some storage and some backup ser- 
vices, such as in a Beowulf cluster. In this specific embodiment, there are a very limited number 
of external connections. The purpose of this architecture is to create a very large computing 
unit. Processor farms of this type have often been used in the world computer animation. This 
architecture supplies an arbitrary expandable design for creating very large computing devices. • 
[0680] Using an RBCCG network as part of a server complex as shown in Fig. 101, an NAS 
as shown in Fig. 102 A, a SAN as shown in Fig. 102B and Fig. 102C, or a server complex 
as shown in Fig. 103 reduces the cost, increases the fault tolerance, and reduces the blocking of 
isochronous traffic. 

[0681] The previous section shows a progression of using a scalable switching network as the 
core to various application clusters. The scale progressed firom metropoUtan, to wide area, to local 
area, and even to smaller applications such as a processor farm. 

[0682] Scalable switching networks can be applied on even a smaller scale. Consumer grade 
connectivity starts to rival internal bus speeds in the interior of computers. In addition, the 
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construction of routers with chips such as the IXP1200 processor allow for simpler routers, simpler 
protocols, and faster small scale communications. It is natural to next look at replacing the various 
buses in a computer system with a scalable switching network. 

[0683] Fig. 104A shows a schematic of a simple computer and its communications buses 
such Peripheral Component Interconnect (PCI), Small Computer System Interface (SCSI), Uni- 
versal Serial Bus (USB), and Fire Wire. Fig. 104B shows the same computer system with these 
buses replaced by a switching network. It assumes that the peripheral devices are designed to 
communicate in a packet protocol such as Ethernet. This is not imreasonable since many devices, 
such as printers, disk drives, and tape drives already have interface variations that allow them to 
sit independently on a network. 

[0684] Fig. 105A shows a natural progression towards even smaller appUcations where the 
system bus of a computer is replaced by a scalable switching network. Fig. 105B shows both the 
system bus and peripheral buses replaced by a single scalable switching network. Depicted in both 
examples is a simple balanced RBCCG network. 

[0685] In a standard bus, only one device can assert a signal onto it, though many devices 
can read it. With a scalable switching network, as many devices as needed can communicate to 
any desired device. This eliminates many bottlenecks. In the case of the replacement of the system 
bus, this architecture can alleviate the VonNeumann bottleneck, which occurs between a processor 
and memory. Furthermore, this naturally enables communications between many processors and 
between as many devices as desired, such as memory or I/O. 

[0686] The incorporation of scalable switching networks takes interconnection networks ftdl 
circle. Originally, multistage interconnection networks were investigated as a means of linking 
parallel processors. Now, processors, peripherals, memory, storage, and communications devices 
can employ the descendants of the multistage interconnection networks. 
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[0687] As discussed previously, scalable switching networks such as RBCCG networks can 
be used by communication providers as shown in Fig. lOOB; by access providers as shown 
in Fig. lOOB; by the content providers as shown in Fig. 101, Fig. 102A, Fig. 102B, and 
Fig. 102C; by a server complex as shown in Fig. 103; by computer peripherals as shown in 
Fig. 104B; or by a computers systems bus as shown in Fig. 105B. It is also possible to use the 
same RBCCG network for any combination of these applications if the. communications protocols 
are compatible. Some of the communications access points in Fig. 103 could be for a communi- 
cations provider; some of the computers. could be part of a server complex; some of the disk units 
could be part of a storage array; and some of the monitors and disk units could be peripherals to 
a computer, or the computers and disks could part of a multiple central processing units (CPU) 
and distributed memory computer. The advantage of using the same RBCCG network for these 
applications is that the larger an RBCCG network is, the more efficient it is in terms of cost, 
routing, and fault tolerance relative to other networks. 

[0688] While certain embodiments of the inventions have been described above, it will be un- 
derstood that the embodiments described are by way of example only. Accordingly, the inventions 
should not be limited based on the described embodiments. For example, while embodiments in- 
volving a forklift were described above, it should be clear that the systems and methods described 
herein apply equally to embodiments for tracking a wide range of vehicles and items. Thus, the 
scope of the inventions described herein should only be limited in Ught of the claims that follow 
when taken in conjunction with the above description and accompanying drawings. 
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